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[From: Akademiya N s u k  SSSR, Izvestiya Rstrofizicheskog Observatorii, 
VOX. an, 1963, pages i j  

by S. I. Gopasyuk, M. E. Ogir', A . 3 .  Severnn and Ye. F. Shaposhhnikova 

In cases a study has been made of the configurations and magnetic 
fields in spot groups, before and a f t e r  a f l a r e ,  f o r  4 classes of flares. 
Class I - proton f l a r e s  of importance 3 ani 3.t. which w e r e  responsible for 

effect  a t  ground leve l  a re  included i n  this class.  
f l a r e s  of importance 3 and 3a. 
the flares were responsible for absorption in the polar cap. 
f l a r e s  of importance 3 and 2*. No geophysical effects .  Class I V  f l a r e s  
of importance 2 and 2+. 

a f t e r  intense f l a r e s  ( c l a s s  I and par t ly  class 11). 
widens, one of the spots wi th  simflar polar i ty  is pined out. 
poss ib i l i ty  of producing lzboratory models of f i e l d  of spot configurations 
i s  shown. 
t h e  f l a r e  has tjeen constructed. 
gradient in neutral  points of the  configurations-models decrease very 
sharply a f t e r  flares of classes I and 11. For flares of c la s s  111 and 
IV t h i s  decrease is essent ia l ly  smaller ( t ab le s  7 - 10 a d  figs. 6 and 

a e-o;csluf~ raj; i i i~rsase effect r e ~ ~ r c i e d  CP, ~~JQQDS,  Fla~es producing t h i s  ~ 

Class I1 - proton 
No ef fec t  was recorded on balloons, but 

Class III - 
Considerable changes i n  the configurations of spots have been noted 

The configuration 
'%e 

For each of the 51 cases a model of t h e  f i e l d  before and after 
It i s  found tha t  t h e  transversal  f i e l d  

m\ 
I /. 

Results of modeling show tha t  there i s  a correlation between the  
importance of the  flare and the gradient before the f la re :  
the importance of the f l a r e ,  the l a r g e r  the gradient. 
importance 3 has been observed with a gradient l e s s  than 0.1 g s / b  a d  
no flare or" importance 2 k i t h  a gradient exceeding t h i s  value. 
r e su l t s  are confimed i n  several cases by a comparison of the magnetic 
charts, obtained before and a f t e r  a f l a r e ,  rdth the  maTnetograph. For 
example the f i e l d  gradient a f te r  the f l a r e s  of A-qust 22, 1958, July 16, 
1959 and A ~ g u s t  13, -1959 showed and essent ia l  appreciable decrease i n  
most of the direct ions linking the  poles-spots. 

t h e  greater 
No f l a r e  of 

These 

An increase of the 
field gradient immediately before a f l a r e  is noted. &Tote?-& 

INTXODUCTION 

The purpose of this work i s  f ind out i n  what spot configurations, 

magnetic f i e l d  car r ie rs ,  do the f la res  originate,  and what variations of 

the magnetic f i e l d  configurations a re  associated wi th  them. O f  par t icular  

i n t e re s t  i s  the problem of whether the power of the f l a r e  ani such of i t s  e f fec ts  

a s  the radiat ion of cosmic rays and protons, which produce absorption i n  the 
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. - - ? .  p l a F  eaF, are corascted i&th the character is t ic  feakzes ef the f i e l d  

configurations o r  i t s  variations. 

t o  u t i l i z e  a l l  the available informtion obtained during the I G Y  on the 

magnetic fields of the groups of spots i n  which f l a r e s  of various strength 

had occurred (Part 1). 

work, and because of the lack of Infornation on transverse f i e lds ,  all the  

data on the absolute magnetic f i e ld  voltages i n  the groups were used for  the 

construction of laboratory models of f i e l d  configurations s imilar  t o  t h e  

solar  ones. 

character is t ics  of f i e l d  configurations connected with the f l a r e s  ( Part 2) .  

These r e su l t s  could be confirmed by the use of magnetic charts produced on a 

magnetograph whenever recordings were available of the fields before and after 

the flares (Par t  3). 

In the study of this problem we are t rying 

I n  order t o  simplify the  large amount of calculation 

With these models, we succeeded i n  studying a number of important 

Part 1 of t h i s  work was prepared and writ ten by M. E. O g i r '  and Ye. 

F. Shaposhnikova, Pe r t  2 by A .  B. Severnyy and ?art  3 by S .  I. bpasyuk. 

1. OBSERVATION DATA 

Under consideration are powerful f l a r e s  of tk-o points and higher. 

A l l  the  flares a re  divided i n t o  f o u r  classes: 

flares accompahied by increasing intensi ty  of cosmic rays on wide l a t i t udes  

which vere recorded by means of od inary  and sourding balloons (this includes, 

of course, the f l a r e s  xhich increased the in tens i ty  of the cosmic rays a t  the 

Eart.h level); I1 - pi.Terful 3 and 3+ p i n t  f l a r e s  producing an absorption i n  the 

ionosphere 2 t  high l a t i t udes  (po la r  block-outs a d  increasin f d n )  f o r  which no 

ef fec t  had been observed i n  the cosmic rays o r  no such measurements had been 

I - powerful 3 and 34 point 
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-de; I11 - powerful 3 anci 2+ flares which def in i te iy  shoud no reco~deii 

fncpesse i n  c o d c  radiat ion on Earth; IV - 2 and 2+ point f l a r e s  not accompa- 

nied by m y  recan3ed ef fec ts  of cosmic radiat ion or geophysical effects .  

The f l a r e s  with a heliographic longitude (A) over 60' were excluded 

with a v i e w  t o  obtaining more authentic resul ts .  Taken out of consideration 

also vere the flares withoat adeqa te ly  defined magnetic f i e l d s  ( i n  case the  

magnetic f i e lds  were determined only on t h e  large spots o r  o n l y  on par ts  of 

tke vis ib le  disc, because of  weather conditions); the f l a r e s  Dbserved before 

t h e  I G Y  xere an t i re ly  eliminated for the  same reason. 

The configuration of the group of spots and t h e i r  mgnet ic  f i e l d s  

during the passage of a given g r o q  over the  vis ible  solar  d i sc  was examined 

i n  the  case of each f la re .  

selected i n  such a way as t o  be closest t o  the beginning ani e d  of the flare 

but not t o  coincide with t h e  flare i tsel f .  Occasionally, t h e  position of the  

spots selected w s s  based on the observations of one observatory, and the 

rr,ag;netic f i e l d s  on the observations of another. 

observations of one observatory, closest t o  the beginning o r  en3 of the 

flare, were not complete enough, they had t o  be supplemented with observations 

of other observatories as close t o  the f l a r e  i n  point of time as possible. 

It should be pointed out t ha t  it was not always possible t o  se lec t  the magnetic 

f f e lds  and positions of the spots several hours before the  beginning or  after 

the end of the f l a r e .  

bations of the rcagnetic ffel6s a& t 5 e  f l a r e s  z?@lmted t o  24 hours or  even 

longer (see the sketch drawings of the groups i n  Figs. 1-4). 

The magnetic f i e l d s  and positions of the  spots were 

'&enever the mgnet ic  

I n  a number of cases the time gap between the obser- 
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'The position of  the  flares i n  this configuraticm of tihe spots was 

determined by the coordinates taken from the catalogs l i s t e d  below. 

bn poirlted o u t  t ha t  the accuracy of ,oinpointing the f l a r e  i s  not very high. 

The main reason f o r  this is t ha t  we s t i l l  do not have a uniform system o r  rules 

f o r  determining the f l a r e  cooniinates. That is why the f l a r e  coord ina tes ' es tb  

m t e d  by d i f fe ren t  observatories frequently show a difference of several degrees. 

This discrepancy i n  t h e  evaluation of the f l a r e  coordinates depends a great 

dezl on the nature of the  f la res :  

f l a r e s  [l), but it can reach a very large magnitude in the case of "dynamic" 

flares [l]. 

observatories usually characterize the besinning of the f l a r e ,  t ha t  i s  they 

a re  close t o  the  trile source of the flare, whereas the majority of the 

observatories usually indicate  the coordinates of the center of the f l a r e  

i n  the stage of i t s  lnaximum d e v e l o p n t .  

It should 

it i s  not very large i n  the  case of "s ta t ic"  

The coordinates of the "dynamic" f l a r e s  estimated by some 

An additional check-up, as described below, was made f o r  the purpose 

of eliminating the inaccuracy i n  determining the location of the f l a r e  during 

the  select ion of the spot configuration i n  which the flare originated. When- 

ever it was possible t o  select  t w o  o r  more close determinations of the 

posit ion of the spots before a p t ie r fd .  f l a r e  ( o r  a f t e r  the end of a f lare),  

and i f  not considerable flares (higher than point one) were observable i n  t h a t  

period, the  follow pattern could be observed: 

spots ( o r  t he  nuclei of soze multipolar spot) gradually drew closer together, 

but a f t s r  t h e  f h r e  th6 spots (nuclef) of sir&ler polar i ty  Ere vis ib ly  

repulsed (see Part 2 below). 

before the f l a r e ,  the nearby 

These changes i n  the location of the spots 
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(nuclei)  were observed only  i n  the  same places as the  f la res .  

circumstance tha t  f ac i l i t a t ed  the confident selection of the spot configuration 

(GP the  r i d e l  4h1 t h e  casa cf a mdtiphr spct) where the  f l a r e  origiiated,. 

The following sources of information were used in  t h i s  experiment: 

1, 

2. 

It was t h i s  

I 

The E. Ddson and R, Hedeman catalogs for 1957-1959 [Z]. 

"he quarterly bulletins of solar  a c t i v i t y  No. 119-328 f o r  1957- 

1959 c33. 

3. Information of the wor ld  center of solar ac t iv i ty  No. 13-15 for 

1957-i961 f4l. 

4. 

j. 

Solar maps of the Fraunhofer i n s t i t u t e  f o r  1957-1961 [5]. 

The catalogtof magnetic f i e l d s  of the sun spots during t he  IGY 

(1 July 1957 - 31 December 1958) [ 6 ] .  

6 ,  A list of proton bursts for 1957-1961 [7 ] .  

7 .  Magrams containing information on geophysical effects  and type 

Iir radio flashes prduced by chromospheric f l a r e s  [8]. 

8. A combined list of  flares bases on balloon measurements observed 

mostly by A .  N. Charakhchyan* [ 9 ] .  

9. Motion pictures of f la res  taken with a KG-1 (Nauchnyy) and AFR2 

( Sirneiz) coronograph fo r  1957-1961. 

10. Photohellograms received by a BST (Nauchnyy) and AFR2 (Simeiz, 

P i r k u l i ,  Kislouodsk) i n  the period of 1957-1961. 

11. Spectroheliograms and magnetograms received by EST ( Nauchnyy) 

for 1957-1961. 

~~ 

* A.  M. Charakcchyan kindly made tha t  l i s t  available t o  US. 
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-& 

Inten- t O'merva 
Date s i t y  /begin- 

12. T I * E A - - C - ~ - -  -LA-: - 3  3 -  
W A  ua cIiUil VU ~ A ~ S U  UI the observations of t'ne magnetic f i e l d s  

by Soviet observatories ( t h e  Crimean Astrophysical Observatory, t h e  Hain 

Astronomic Cbsematory, Rislovodsk, Ismiran) f o r  1959-1961. 

1Ih4Srn N14 
N10 

14 04 S 31 

A Description of  Various Classes of Bursts 

No radiosonde 
~ 4 0  measuremnts 
W 42 Mtto 

U E 33 

I. Radiosode-Measumd Proton Binstis 

This class includes a l l  the proton bursts  f o r  which radiosonde measure- 

Included also a re  the powerful. proton ments a re  available according t o  l i s t  @]. 

bursts f o r  which there >;ere nc radiosonde measurements but which were geophysically 

close t o  tae flares t ha t  had produced cosmic rays i n  the stratosphere according t o  

measured i n t ens i ty  (some of the observations of the f l a r e s  had been made before 

the  begining of the  radiosonde measurements). 

of these flares as well as  the  class 11 flares a re  not cited i n  this a r t i c l e .  

detai led dsscription of these phenomena appears i n  a r t i c l e  171. 

The data  on the geophysical Bffects 

A 

Table 1 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

7.VII 1958 
16.VII I 
22.VIII 
lO.VI1 1959 
I4.VII 
16.VII 

12x1 
15.XI 
2s.m 1961 

LIV 1960 

08 10 
3+ 1 '  16 37 

3+ 
3 f  
3 
3+ 
3+ 
3+ 
34- 
3+ 
3 
3 

0020  
04 33 
14 17 
02 10E 
03 25E 
21 14 
08 40 
13 25 
0'2 07 
22 02 

ion time 
Coordinates I Remarks 

18 MA s 26 
S 26 

04 14 N 24 
08 31 i N14 
17 17A 1 N18 
10 03A I N 22 
11 21 ' N 17 
24 30 N 16 
13 20 N 12 
19 22 N 26 
04 27 N 26 
01 30 N 12 

1 

w 45 
w 35 
w os 
w 50 I No radiosonde 
W 10 measurement 
E 64 
E 06 
W 30 
w 11 
w 05 
w 3.5 
E 29 

Note. E m e w  t h a t  the actual beginning of the f b r e  occurred before 
the  indicated time (before the beginning of the observations); 
D m e a n s  that by t h e  end of the  observations the flare was st i l l  
on. 
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The time indicated i n  this a r t i c l e  i s  always universal time. 

I n  view of the particular iaportance of the  proton bursts,  we 

piz~-~5de ;i detai led description af the groups 3f s p t s  i n  x31ch ezch of t h e  

f l a r e s  occurred, as w e l l  a s  the sketches of these spot groups and the* 

magnetic f i e l d s  before and after the f l a r e s  with an indicat ion of the 

observatory producing the information a d  the  average time of the occurrence, 

correct  t o  0.01 par t  of a day. 

p s i t i o r ,  of the sv ts  and the  magnetic f i e l d s  do not coinzide, two  d i f fe ren t  

moments a re  indicated on the sketches, the first of them applying t o  the 

determination of the spot position a d  the secorrl t o  the magnetic f ie lds .  

If the average moments of determining the  

As pointed out earUer, whenever detai led observations of the f i e l d s  

were lac-, the data on such f ie lds  required i n  connection with some of the  

spots were taken from the  observations of other laboratories on t h a t  par t icular  

day o r  even on the nearest  days. 

shown on the sketches in c i r c l e s  which also contain an indication of the 

observatory which detemined the magnetic f i e ld ,  and the average moment of i t s  

Several such uncertain determinations a re  

determination. 

c losely associated with that of the f l a r e  are Werscored  with a s t ra ight  l ine 

The i n t ens i ty  and polarity of the spots whose posit ion is 

on the  sketches. 

C r  -- Crimean Astrophysical Observatory, Mbb -- Mount '&Uson Observatory, Pots -- 
Potsdam Observatory, Pulk -- b i n  Astronomical Observatory (Pulkovo), K -- 
Kislovodsk mountain s ta t ion,  and I -- Izmiran. 

The names of the observatories a re  abbreviated as follows: 

1118 diameter of the sungs representation on which the sketch is based 

i s  indicated i n  each case. 

i s  indicated by a slanted cross. 

The appro-te position of the f l a r e  on the  sketch 

During the IGY the  numeration of the groups 



groups a re  not indicated i n  connection with the other f lares .  

describe the individual flares. 

Ne wil l  now 

The f l a r e  of July 3, 1957, originated in the spot group 12,434. The 

group appeared from behind the fringe of the  sun and was first observed on 24 

h n e .  The number 

of the s m a l l  spots and t h e i r  s ize  was s teadi ly  decreasing as the group kept 

xloVing towad the western fringe of the sun. 

spot which had three powerful nuclei of various polarity i n  i t s  penumbra. 

vere two major centers and several small ones i n  the  ,Clare. 

not or iginate  simultaneously: 

( 7 E?), and after a while a new f la re  center appeared i n  the  western part 

(sh 3p). 

determined by the Patsdam observatory on 3: and 27 July, but mfortunately it 

determined only the polar i ty  wi thout  any indication of the intensi ty .  

why the posit ion of the spots was based on the detepmination nade by the 

menzioned observatory but the position of +the magnetic f i e l d s  was plotted on 

the basis  of t h e  determinations made by the Crimean Astrophysical observatory 

on 3 a d  19 July ( t h e  position of the spots f o r  t h a t  moment had not been 

indicated). 

Mount Wilson observatory 3d, 56 Jirly was used a f t e r  t h e  flare, 

of the f l a r e  the in t ens i t i e s  of  a l l  the powerful poles were reduced, and the 

spots diverged t o  some extent ( see sketch i n  Fig. 6). 

observed by our observatory, an3 i s  discussed i n  d e t z i l  i n  [lo, U]. 

It consisted of one large spot ard a number of small ones. 

The flare occurred near the  la rge  

There 

These centers did 

the f irst  f l a r e  occurred i n  the eastern part 

The magnetic f i e lds  nearest t o  the beginning of the f l a r e  were 

That i s  

The nearest determination of the magnetic f i e l d s  made by the  

As a result 

The flare of 3 July was 

That 

f l a r e  was also observed by numerous observatories i n  the world, and a detailed 

description of it appears i n  [U,  131. 



-9- 

Before the flare After the f lare  

28. m 1957 W 

Fig. 1. Configuration of the spots and t h e i r  
magnetic fields in Class I bursts 

(see also  pp. 10, 11 amA 12) 
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Before t h e  f lare  A f t e r  the f lare 
7. 1958 . 

22. am 1351 

. . .. - 
f lwz2:74 
Do= 25 CM 

I ID. E?l i959 
-. Z 3 N  

c7 

-. 

Fig. 1. Continued 
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The f l a r e  of 28 August 1957 occurred i n  the group of spots 12,579. 

That gronp eBerged froln Sehind t h e  edge of the sun i n  the form of two spots 

4 * , , "o , , , , s ,szs~  w.+ -a*- 

the  spots were already separated (see observations of  Mount !?ilso-? observatory 

by a fz5rLy Yarra;; pnai5Z2 fSthEii5. zy th& e& of 27 Btigiist 

2 9 ,  81 August). 

group which had several nuclei of various polar i ty  i n  i t s  penumbra. 

kwo major centers i n  t h e  Lflare t h a t  had originated simultaneouly but reached 

t h e i r  PLZ~~IELT in tens i ty  2% different ti~es. 

the Zrhean a& Potsdam observatories were f o l d  t o  be closest  t o  the beginning 

of the  flare i n  point of time. 

detennination of the Crimean observatory of 28 ard 30 August. 

magnetic f ie lds  of that tnoment which were supplemented by the observations of 

the P o t s d a ~  and Y~mt 'Ldilson observatories. Attention should be called t o  the 

The proton burst occurred i n  the southern ( t a i l )  spot of the 

There were 

The magnetic f i e l d s  determind by 

The position of the spots was taken from tne  

So were the  

f a c t  tha t  the determination of the magnetic f i e l d  o f  the l'j N pole was taken 

from the observations of the Mo-mt 3 i l s o n  observatory 26d, 71 August. 

pale xas obser-red on 27 and 28 August, but i t s  magnetic field was  not detemined. 

That 

The Yount Xilson observatory, which provides the most detai led descriptions of 

magnetic fields, made no observations on 27 August, and f a i l ed  t o  determine the 

magnetic field of the mentioned pole on 28 August. 

t ha t  one of the poles (12 N) had been pushed out of the general spot penumbra (see 

sketch ard Fig. 6 ) .  

d e t a i l  i n  [lo]. 

After the f l a r e  it was found 

The f l a r e  was observed i n  our laboratory and described in 

The flare of 20 October 1957 occurred in t n e  group of s_mts iZ,6Sg0 

The group appeared on 11 October from behind the edge. It was a group of larip 
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a& ;,;e'ri 3 e v e ~ &  ----  7 - -  s-pis. rye flare or ig ina te6  i n  t h e  iarge tail spot xhich 

had nuclei  o f  various polar i ty  h i t s  penumbra. Two centers originating a t  

d i f fe ren t  times were observed i n  the f la re :  the  western center appeared f i rs t  

and was followed by the eastern a few minutes l a t e r .  

the  i n t e n s i t i e s  of the N-polarity poles were great ly  reduced. 

As a r e s a t  of ths flare, 

The f l a r e  of 7 July1959 originated i n  the  group of spots 13,350. 

The group appeared on 29 June frotubehind the edge i n  the  f o m  of s e v e r d  spots 

which had already been i n  a stige of disintegration. R e  f l a r e  originated be- 

txeen the small spots i n  t h e  central  part of  the group. 

f l a r e ,  the  16 N pole (determimd by the Mount :&lson Observatory Sd, 99 July) 

A s  a r e su l t  of t he  

w a s  divided i n t o  two poles with in tens i t ies  of l 3  and 12 N (determined by the 

Xount Milson Cbservatory F, 75 July). The S-polarity poles were s l igh t ly  

reduced i n  paint of intensi ty ,  and t h e  distance between them was considerably 

increased (see sketches and Fig. 6). 

The f l a r e  of 16 August 1958 originated i n  the group 13,434. The 

group appeared on 6 August from behind the edge. Eeading tha t  group was a 

l a r g e  spot surrounded by small spots, and i t s  t a i l  part consisted of small 

spots. 

,polarity i n  i t s  penumbra. 

spot a t  the place of the  outburst. 

The f l a r e  occ-=red i n  the  large spot which contained nuclei of various 

The f l a r e  caused a rupture of the  pn?mbra of the  

Tne flare of 22 August 1955 occurred i n  the group 13,464. The group 

appeared from behird the edge on 15 August. It had a complex structure:  on 

22 August it consisted of a large s p t  i n  the central part of  the grcup d 

s m l l e r  spots i n  the hezd and t a i l  par ts .  A c lass  IX proton burs t  was observed 



on 20 August i n  3ie head par t  of that  group causing the dis integrat ion o f  the 

head spot ( see  description i n  section on class  I1 f la res ) .  

August originated i n  the l a r g e  spot i n  the central part of t h e  zrsup contain- 

ing nuclei  of various polar i ty  i n  i t s  penumbra. 

the large spot broke up i n t o  several smaller spots. 

t h a t  another c lass  I1 proton burst was observed i n  the same group on 26 August 

( s ee  description of f l a r e  i n  section on c lass  I1 f la res ) .  

observed i n  oar observatoq- and described i n  d e t a i l  i n  [14, 152. 

The flare of 22 

A s  a resdt  of the flare, 

It should be pointed out 

The f l a r e  was 

The flares of 10, 14 an3 16 July 1959 occurred i n  the  same huge m u l t i -  

polar spot consisting of several large nuclei. 

the edge on 9 July. 

11 powerful m e s  of points >/ 2 a d  a very large number of less intensive 

f lares .  

p l a r i t y ,  

group a f t e r  t h a t  flare as the group was close to the edge a t  tha t  *e. 

s tudg  of t h a t  group i n  the folloxlng days revealed t ha t  the nuclei of the  

southern polar i ty  i n  it was gradually breaking up and the westernmost nucleus 

among the nuclei of the southern polarity moved off t o  the west gradually 

lsaving the general penumbra. 

The group appeared from behind 

'rJhile passing over tne  visible d i s c  of the  sun it produced 

The f l a r e  of 10 July 1959 occurred near the nuclei of the northern 

It i s  qufte d i f f i c u l t  t o  estimate t h e  changes occurring i n  the  

A 

As a result of the f l a r e  on 14 July1959 which occurred approximately 

i n  the  center of the group but a l i t t l e  closer t o  the  nuclei of the solrthern 

polarity,  the 28 S nucleus was almost completely pushed out of the general 

pnumbrz. 

a f t e r  t h e  f la re .  

A large nucleus 21 S cme i r h  being t o  +the eas t  of t ha t  rarcleus 

The l a t t e r  was observed i n  our observatory and described i n  
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detail ki E6, 171. 

The f l a r e  of 1 6  July 1359 a l s o  occurred approximately i n  the center 

of the  group under consideration. After the f l z r e ,  the nuclei  22 S and 28 S 

visibly shif ted from the nuclei 27 N and 25 S which were t o  the  eas t  of them 

(see  sketch and Fig. 6). 

the general penumbra. 

a d  described in [18, 191. 

The nuclei i n  the  group broke up and scattered from 

The f l a r e  was observed a t  the  Ebunt 3Klson Observatory 

The f l a r e  of 1 A p r i l  1960 occurred i n  a very well developed and large 

group of spots of various polarity with a very high f i e l d  intensity.  That 

group originated on the solar disc  on 26 March i n  the  form of s m a l l  pores. 

27 &rch the group already included one large spot and several snaJ.3. ones 

within the general penumbra. The development of that group was extremely 

rapid. 

general penumbra. 

ing days. 

disconnected form, and the nuclei  were divided in to  four  f a i r l y  s table  groups 

With isthmuses between t h e i r  penumbras. 

large in s ize .  

it is a lso  pointed out there  that the group was characterized by great a c t i v i t y  

aryl produced powerful geophysical and radio effects .  It i s  pointed out i n  [ Z O )  

t h a t  the group is anomalous i n  i t s  developuent, according t o  i t s  geometrical 

configuration i n t r i n s i c  movements and magnetic polar i t ies .  

occurred i n  the center of the €roc? under consideration. 

c lass  I f la res ,  i t  was not followed by any noticeable changes i n  the group of 

spots, SO t h a t  it can be considered anomalous also i n  t h i s  respect. 

On 

On 25 March it consisted of a la rge  spot with two large nuclei i n  the 

The number of nuclei i n  the penumbra increased i n  the follow- 

The general penumbra i n  the  nuclei gradually acquired a very 

By 1 April these nuclei  grew very 

A picture of the evolution of t ha t  group i s  presented i n  [2O]; 

The flare of 1 April 

Unlike all the other 

That f l a r e  



was cbserved also i n  oZir cbservatory. 

The f l a r e s  of 12 a d  15 November 1960 occurred i n  the  extensive and 

very well developed group of  large spats apFar ing  at the edge on 6 November. 

A l l  the nuclei  of t h a t  huge group were i n  the general penumbra. Considerable 

changes were t a k i n g  place among the spots of the  southern polar i ty  as the  

group moved across the v is ib le  disc of the  sun. 

was grZdua3ly moving away from the f a i r l y  s table  nucleus of northern polar i ty  

and. new nzrclei of southern po la r i ty  came i n t o  being betxeen them. 

The large western nucleus 

The f l a r e  of 12 h’oveniber 1960 occyarred i n  the rrmltipobr r a i l  part 

of the prozp with a high in tens i ty  near the spots 17 N and 25 N. 

the 17 I4 wacleus moved f a r  from the 28 N nucleus (see sketch and Fig. 6 ) .  

After the flare 

The flare of 15 November 1960 also  occurred in the tail part of the 

After the f l a r e  the 25 anl 22 N nuclei  moved fa r ther  apart a d  the 25 M group. 

2nd 20 S nuclei  drew closer together (see sketch and Fig. 6 ) ,  and the 20 S 

nucleus revealed a considerable increase i n  size.  The f l a r e s  of 12 ard 15 

November are described i n  d e t a i l  i n  [19]. 

The flare of 28 September 1961 occurred i n  a group tha t  had appeared 

from be- the edge of t h e  Solar d i sc  on 25 September. 

of several  large spots i n  the head part a d  a =umber of s m a l l  spots i n  the  

t a i l ,  

masnetic f i e l d  intensi ty .  

t h e  spot with two nuclei of different  polar i ty  (10 pf and 12 S )  i n  the general 

pxmtbra. 

f l a r e  drev closer t o  each o the r ,p r t i cu la r ly  the 13 hr and 10 N. 

The group consisted 

The flare occurred i n  the t a i l  par t  among the  small spots with a low 

After the f l a r e  the pole 12 S was pushed out of 

Sa t  the m c l e i  of northern polarity locatad near the spot of the 

On the day 
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* 

No. 

af te r  t;le f l a r e  tize s p i s  i n  Che tail. part of the group m r e  considerably 

reduced i n  size and t h e i r  f i e l d  in tens i ty  grew weaker. 

Intensity Observatipn time 
Date points end Coonlinates 

II. Proton Flares Mithout Radiosode Keasurexnents 

These include the  flares which a re  listed as proton bursts i n  list 

[7]. 

description of the f l a r e s  and sketches are based on the same principle as i n  

the class I flares. 

The information on this class of f l a r e s  i s  given i n  Table 2. The 

Table 2 

31.V!!I 1957 

10.IX 
11.IX 
21.1x 
20.VIII 1958 

18.\'IIT 1959 
39.IiI 1960 

3.IX d ?a 

26.v111 

3 
3 
3 
3 
3 
2+ 
3 
3 
2 f  

1 12h57 

02 23 
02 36E 
13 30 
00 42 
00 05 
10 19 
06 40 

! 14 12 

The f l a r e  of 31 August 1957 occurred i n  the group 7_2,580. The group 

had appeared from behind the  edge of  the solar disc on 25 August and consisted 

of large and well developed spots. 

l a rge  head spot of the group which contained numerous nuclei of d i f fe ren t  

polarities 5n i t s  p n d r a .  

i n  point of time, was made by the Y a u n t  Xilson O'oservatory 30 , 69 August, t ha t  

The proton f l a r e  originated i n  the very 

The closest determination of t n e  nagnetic fields, 
d 
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is almost 24 hours iZl:goj before the f b r e ,  a s  no observations were m d e  i n  

t he  ; n o m  of 37. August (except by tne  Hount VUson Observatory). 

m.agmt3x f % s l d s  after the  f la re  were dstedned.  about 1.5 hours later by the  

Psount *&.lson Observatory f o r  31dr 71  August. 

The 

After the flare the large head spot disintegrated,  arvd i t s  eastern 

Each of  the  two poles, portion became separated (where t h e  f l a r e  occurred), 

19 N a d  19 S (according t o  the 30 August observations) was divided i n t o  two, 

and the in tens i ty  of each pair of poles XZLS the saxe as of the o r i g h a l  poles 

(19 S vas dirided i n t o  t w o  poles gach with an in t ens i ty  of 19 SI, or somewhat 

lower  (19 N was divided i n t o  t w o  poles with an in t ens i ty  of 15 N each). ’Thus 

the overall aspect of the  magnetic f i e l d  i n  the  f f a r e  area became more compli- 

cated ra ther  than simplified. 

“!I0 flare of 3 September 1957 ocewred i n  the same group 12,580 ( see  

description of the  group given i n  connection with flare of 3 l  August). 

31 August and 3 Se9tember the group was i n  a stage of dis integrat ion;  t h e  

compl.ex-structure spots kept breaking 2.p i n t o  smaller ones. 

of 3 September occurred in the tail spot which had nuclei of various polar i t ies  

in i t s  penumbra. 

Yilson Observatory (which observed tha t  flare) on 3 September. 

the t a i l  spot disintegrated (the N and S polar i t ies  became separated). 

flare was observed by our observatory, ard i s  discussed i n  d e t a i l  i n  [lo]. 

Between 

The proton f l a r e  

The place of the f l a r e  is indicated on the map of the  Mount 

After the  flare 

The 

The f l a r e  of 10 Septenber 195’7 o c c m e d  i n  group 12,596. 

g r o q  appeared f ron behind the edge of the so lar  disc on 4 Septenber it had 

zlreadjr been i n  a stage of disintsgration: 

??hen the  

it consisted of many irregularly 
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Before the flare After the f la re  
3:. m :m 

-20- 

3. E 1957 

E 

Fig. 2. Configuration of the spots and their magnetic 
fields Involved in Class 11 flares. 

(see d s o  pages 21 ami 22) 
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Before the f lare  after the Tlare 
21. E 1957 

2 D. EZI 1956 

26. ET 1350 

Fig. 2. Continued 
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Eefore the f l a r e  

IB. W 1359 
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Mter the f ia re  
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shzped arid s m d . 1  spots. 

t a i l  end of the group xhich had nuclei of various polarity i n  i t s  penumbra. 

As a r e su l t  of the f la re ,  the 20 S pole [determined by the Y~xnt. :Jii_lsoy! 

Observatory, 9 

Tine proton f l a r e  occurred i n  the largest  spot in the 

d 67) was knocked out of the general penwbra, and a small new 

spot with an 18 S magnetic field (determined by the  Potsdam Observatory lod, 

41 September) w a s  formed t o  the west of the . ta i l  spot under consideration (see 

sketches). 

The f l a r e  ims observed by only one s ta t ion  (Sydney). 

The f l a r e  of 11 September 1957 originated i n  t h e  same group 12,596 

( see description of f l a r e  of 1 0  September). 

( s l i g h t l y  to  the w e s t )  as the flare of 10 September. 

the 24 S magnetic pole (determined by the Mount 'dilson Observatory lod, 80 

September) broke up in to  three poles: the  two en3 poles were determined by the 

Mount ';Cllson Observatory as 19 S, and the  central  one was defined by the  Crimean 

Astrophysical Observatory lid, 33 September as  20 S. 

xagnetic fields i n  t h e  region o f  tbe proton f l z r e  became cozplecated. 

apparently brought about the two point-two flares of 12 September (7th and 15th 

hour wdversal time) i n  the place of t h e  proton flares of 10 and 1l September. 

After t h a t ,  the magnetic fields were reduced. 

It occurred almost i n  the same spot 

As a r e su l t  of the f la re ,  

Thus t h e  picture of the 

This 

The f l a r e  of 21  Septenber 1957 occurred i n  t h e  group 12,634. That 

groilp had Seen formed on the s o l a r  disc on 19 September i n  the northeastern 

qaadrant near the central  meridian: 

that g1-02~ revealed f c u r  small spots, ixid by 2 1  S,ptaz'aer the g r o q  had expanded 

a great deal:  The length of  the group 

it was a very smll spot. On 20 September 

it had sevsn s ~ t s  of  considerable size. 
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i n  point or' iongitude on that day was more than 10". 

occurred i n  the head part of t he  group bekeen  two mall spots. 

changes were pssrtiic&- by the flare: 

i n  s i z e  ( i t  merged with the neighboring, par t icu lar ly  the  western small. spot), 

me proton f l a r e  

No great  

the ~ e s t e r n  s p t  m s  somwhst increased 

and the eastern spot was somewhat decreased. 

The f l a r e  of 20 August 1955 occurred i n  the group 13,464. 

dessr ipt ion of  the  group is given i n  connection with the class I f lare  of 22 

Augcst .  

contained severel  nuclei  of var ioxs polarity i n  its penimbrz. 

t h e  flare, the  head spot brake up into three mall spots. 

p o l e s  (as determined by the Mo-mt, Xilson Cbservatory lgd, 72 August and t he  

Potsdam Observatory lgd 26) were knocked out of the general penumbra of the  

spot (see sketches) and fornied n e w  small spots t o  the w e s t  and south of t he  

head sMt  with  19 N and 16 S f i e lds  (on 20 August the Mount Wilson Observatory 

reported only the  position of the spot withoirt determining the  po la r i t i e s ;  t h e  

f i e l d s  were therefore taken fron the report  of  ths Crbean Astmphysical 

Observatory 20 , 2 3 ) .  

separated. 

A 

The praton flare of  20 August originated i n  the small head s F t  wh5ch 

As a r e s u l t  of 

The 14 S and 19 N 

d After t h e  flare, the nuclei of opposite polarity became 

The f lare  of  26 August 1933 originated i n  the same group 13,464 (see 

descr ipt ion of the  group i n  the  section on class I flares and the  previous 

flare of 20 August). 

i n  the group: 

( c l a s s  11). 

ra t ion of t he  group: 

From 20 through 26 August there  w e r e  three proton flares 

on 20 August ( c l a s s  11), 22 August (class I) ard 26 August 

These powerful f l a r e s  prodricd a radical  change i n  t h e  configu- 

the  large spots broke up i n t o  small ones. By 26 August 



the  group had one medim-size spot in its head, central and t&l ~ r c l s  h f c h  

were connected w5th numerous mall  spots. 

t h e  fie& p ~ t  nf t h e  group; a f t e r  the f l a r e b  some of the small spots disap- 

peared and the  po la r i t i e s  xere divided i n t b  two separate groups. 

The flare of 26 August occurred in 

The f l a r e  of 18 August 1959 occurred i n  a complex and w e l l  developed 

multipolar group of spots which came up from behird the d g e  on 8 August. 

i t s  no-rement across the vis ible  portion of the solar  d i sc  u n t i l  13 August, t he  

group became vis ib ly  complicated. 

of -mint-3 in t ens i ty  occurring in a given group of spots during t h e i r  passake 

across the  visible portion of the solar disc.  

of point-2 in t ens i ty  and a considerable number of l e s s  intensive flares. 

f l a r e  of 18 August occurred approldmately i n  the center of the  group. 

nuclei  moved considerably fur ther  apart  a f t e r  t ha t  f la re .  

conspicaotts x i s  t h e  change i n  the position of the  nucleus Z j  N which on 19 

In 

The f l a r e  of 18 A;i;;ust was  the  o d g  fhr3 

There were also t w o  other flares 

The 

A11 the  

Particularly 

August ( i t s  in t ens i ty  rose t o  31 N) w a s  located on a s t ra ight  'line with the 

nuclei 25 K and 26 S. I n  the days following the f l a r e  under consideration, 

the s t ructure  of the given group of spots became simplified. 

spot consisting of several nuclei became less complex -- the  two large nuclei  

of northern polar i ty  merged in to  a single nxcleus, and two nuclei of varying 

polar i ty  remained i n  the general penumbra. 

The 3arge central  

The f l a r e  of 29 March 1960 occurred i n  the same large group of l a r g e  

D u r -  spots a s  the f l a r e  of 1 April 1960 (see the description of group above). 

ing t ha t  f l a r e  the grozp hail not y e t  achieved stlch a development as  by the 

time of the f l a r e  of 1 April 1960, and i t  consisted of three spots i n  the 
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general penumbra. 

nucleus of  the group 30 M was formed ( see sketch). 

Afier t ha t  r iare ,  a i l  <le nuclei. moved apart ,  a& .the fourth 

111. Flare Xith  and Intensity of 3 ard Z+ Points ifithout 
Cosmic Ray Effects 

This i 3 X ! l . Y e s  8 cc?l,l,ecti9r? nf flares nf the m..rrt-ier?& i E t P E S i t i 9 S  

which did not produce any proton radiation on the earth. 

these f l a r e s  was made according to the  diagrams published i n  [ r 3 ] * .  Infomation 

on these flares i s  ci ted i n  Table 3, and descriptions and. sketches a re  provided 

f o r  some of them. 

The selection of 

The class  III: f l a r e s  occur i n  complex multipolar groups of spots with 

strong fields. 

by appreciable changes i n  the configuration of the poles, but these changes are 

not as graat a s  i n  the case of the proton f la res .  

groups of spots where f l a r e s  with point-3 in t sns i ty  have occurred. 

The f l a r e s  with a point-3 in t ens i ty  i n  the  groups are  followed 

We will examine several  

The f l a r e  of 1 b y  1958 took place i n  a very 10% and complex group 

of  spots 13,197 which appeared from behimi the  edge of the sun on 27 April. 

The flare originated i n  the head part of the group. 

occurred i n  the same region. 

drew somewhat closer together. 

t o  the side, 

Several weaker flares 

a f t e r  the f l a r e ,  the 22 S, 16 S and 15 N nuclei 

But the  17 S nucleus was f o d  t o  have moved 

The l a r g e  22 S nucleus broke up i n t o  three separate nuclei -- 
20,  22 and 20 s. 

* Ye are  indebted t o  A. S .  Dvoryzshin f o r  h i s  advice i n  the selection of 
these f la res .  
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M o r e  the flare 
1. J 

After the f l a r e  

E W 

. 

Fig. 3. "he configuration of the spots ard their magnetic 
f i e lds  involved i n  t h e  c lass  111 flares 
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No. 

The f l a r e  of 5 Fay 1953 occurred i n  the same group as the flare of 

B y  5 Nay the spots i n  the head par t  of the group were c lear ly  broken 1 ??BY. 

qG 

Almost a l l  of the nearby poles drew closer together a f t e r  the flare. 

t h e  14 S pole was found to have moved a considerable distance from the 32 S 

The f la re  cxcwred z ~ p o & m t d ~  ir? t h e  c e r k r a l  pcrtim of +bo -A*- --,,*-- ~ A . Y U ~ .  

Only 

Intensity Observatipn time 
Date Points beginnin e,& Caodinates 

and 10 N poles. 

Table 3 

22.VII 10.117 
16.X 
2.sx 
l.v 1958 

15.VII 
29.VII 

31.XII 

E og?i j 3 m  

01 52 
io .55 
21 15 
03 56 
09 (10 
22 36 
00 50 

16 56 

"he flare of 31 December 2.99 occurred i n  the group 13,803 which 

had appeared from behind the edge of  the  sun on 2 1  Decmber. 

covered a l a r g e  area and consisted of a considerable nuntber o f  spots. 

f l a r e  occurred i n  the  cent ra l  part of the group which revealed considerable 

s t ruc t a ra l  changes after the f la re ,  The group of n m l e i  16 N was moved t o  

a side and broken up, and the nuclei 8 S and 16 N, on t he  other hard, drew 

closer together. 

The group 

The 
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- 
No. 

T I T  IV . F'lams e t h  an Intensi ty  of 2 and 24 without Recorded 
Cosmic k d i a t i o n  3 f f ec t  

Observation time 
Dzte beginnirg end Coordinates 

Class IV includes t h e  f l a r e s  w i t h  an i r t r m s i t j r  of 2 a d  2* &2ch 

produced no geophysical e f fec ts  (Table 4). Their select ion was made i n  the  

same wag as the class 111 flares. Descriptions and sketches of some of them 

are pmvided. 

Table 4 

1 
n 
L 

7 0 

/. 

6 
i 
8 
9 

10 
11 
1" 
,13 
16 

3 

Just like the classes of flares discussed above, these f l a r e s  

originated i n  complex and large groups of spots. 

by cer ta in  changes i n  t h e  configuration of the nearby spots but these ehang'es 

n e  considerably szna7Jer than i n  the class I, IX and ITX flares. Seiow i s  a 

description of several groups r.jfiere f l a r e s  :d th  i n t ens i t i e s  of 2 and 2+ 

occurred. 

They were a l so  followed 
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Before the flare_ 
7 LJ 

After the f lare  
I .,I 

9. L? !957 
E 

W 

Fig. 4. The configurations of the spots and their magnetic 
fields involved in the class IV flares 



The f l a r e  of 7 September 1957 occurred i n  the  group 12,596 -ur.hich 

had appeared from bektnd t h e  edge on LI. September. That was a very long 

grc i~?  ccns is t ipg nf 2 l~rrn~ nimhar cf l ~ m a  er&s cf y ~ y ~ ~ ~ s  polzrit;-= 3 . s  b" "F e" -.-1". 

f l a r e  originated near the central  part of the  group. 

19 N pole drew appreciably closer t o  t he  18 N and 19 S poles, 

After the f l a r e ,  the 

The f l a r e  of 9 Septmber 1957 occurred i n  the same group as the  

flare of 7 September. 

$10 changes xere noted i n  the configuration of the spots a f t e r  the  f l a r e  (see 

sketch). 

i n  [10]. 

It originated approximately i n  the center of  the group. 

The f l a r e  w a s  observed from o w  observatory and described i n  d e t a i l  

The f l a r e  of 27 March 1958 occurred i n  the small group 13,103 of 

f a i r l y  large spots which had appeared from be- the edge on 21March. 

the flare, the  2 1  N and 25 S nuclei were seen to merge in to  a single nucleus. 

After 

The data l i s t e d  i n  Part O2e on the magnetic fields of the  groups 

of spots $?ere f l a r e s  had occurred were subjected t o  a close examination and 

a comparison vas made of the in tens i t ies  a d  arrangement of the spots before 

and after the f l a r e .  

on the conversion of the magnetic f i e l d  energy t o  thermal energy and plasma 

radiat ion energy [Zl], it is natural t o  look f o r  a connection between t i e  

mgnitl.de of  t h o  f l a r e  and. the changes i n  th;a config-wation arid izkensitjr 

of the mgnet ic  f ie ld .  

Inasmuch as the f l a r e  phenomenon 5s apparently based 

Attention was first czlled t o  the changes ("destruction") 
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of the  f i e l d  in the neighborhod of the  f la res  and, parti.c&rii*ly, the &ages 

of the  field gradients i n  the zero points produced 337 the f l a r e s  i n  1223, and 

to ths chmggs i n  the  configuration of the s-mts produced by the  flares jin 

E23 and 241. From this point of view it 

ful proton flares Kill be accompwied by 

and i n t ens i t i e s  of the basic carriers of 

group in idxlch the flare occurred, 

- .  

N 

nay be expected t h a t  

the greatest  changes 

pagnetic f ie lds ,  t he  

c 

Fig. 5. Reduction of the arrangement of  the grortp 
t o  the visible center of t he  disc 

Mgressing t empora r i ly  from the sizes (areas) of the spots, and 

considering the arrangement of their geometrfc centers and the in t ens i t i e s  

of their fields, we can compare the configuration produced by the pint poles 

-with a fixed in tens i ty  before the flare an3 a f t e r  it. 

s b ~ 5 o u s l y  requires a correction of the configuration f o r  the ef fec t  of the 

Such a comparison 
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f u t u r e  coniraciioli t ha t  idZ increase iohaiti "&e d g e  of the i tfr~e,  If r 15 

the average distance from the center of the sun t o  t h e  group of spots (1-3 

i n  FLg. 51, and R the radius of the sun's representation, then the magnitude 

d13' = s i n  8 . Let al, a2, etc.  be t h e  projections of t he  distances dU, 

e tc ,  between the  spots i n  the direction of r, then these projections (released 

through the perspective contraction) reduced t o  the  principal center, will be 

xl = al sec8, x2 = a2sec0 , etc. 
Acf::ally (as lo32 a5 secg 6 1.5) it i s  possible t o  ignore the changing radius- 

vector r x i th in  the grou? an3 take an average f o r  the en t i re  g r o q  (if it is 

not very scattered). 

position of each spot should be corrected separately. 

cases one of the spots of t he  group i s  taken as the  or igin of coordinates 0, 

If the group i s  closer t o  the edge of the disc,  the  

That i s  why i n  most 

the d i rec t ion  of the  radius-vector from the center of the so la r  d i sc  t o  t ha t  

spot i s  t&en as  the  x-axis, the projections xl, x2, etc. ,  a re  then measured 

off from point 0, and the  distances of the spots 2, 3, etc.  a re  transferred 

from d i r e c t i m  r rdthout changes. 

f o r  the  projection. 

geonetrtcal center. 

contraction a d  reduced t o  the vis ible  center of the  solar  disc. A l l  t he  

configurations referred t o  hereafter a r e  thus corrected €or future  contraction 

i n  the  sense of the  position of the  spots: the  areas of the spots have been 

They appar5ntly do not have t o  be corrected 

Sy the position of the sj?Ot i s  meant the  position of i t s  

This gives us the spot configuration corrected f o r  the 

corrected f o r  contraction according t o  we12 known r a t i o  s - so sec 8 , where 

So is the uncorrected area. Shown in Figs.  6 and 7 are similar configurations 

of groups of spot-poles nearest t o  t he  c lass  I and 111 f l a r e s ,  respectively 



-9- 

( the  f l a r e s  are  indicated by a cross, according t o  the data cited i n  paragraph 

I) before the  f l a r e  (above) and a f t e r  the f l a r e  (below); the in tens i ty  of  each 

?le i s  irxiisatP.1 (for its deter~*atic~, see ?art 1). P.e d i ~ m ~ t z r  cf t h e  s-rn 

in Figs. 6 and 7 i s  always 250 cm, except f o r  15 November 1960 &en Do = 140 em. 

The most d i f f i c u l t  problem i s  t h e  selection of the spots "responsible" 

for the corfiguration o r  s t ructure  of the mgnet ic  field i n  the region of the  

flare, 

esch other adad to the arez of the f l a r e  can play a greater part i n  the formation 

of t k e  wgnetic  structure than far  away b.Jt larger  spots, especially if such 

spots a re  considered as sources of a dipole field which changes a great deal  

b;ith distance (see  below), I n  a rider o f  cases, such as the flares of 3 July 

1957, 20 October 1957, 7 July 1955, 16 August 1958, 1 April  1960, 12 November 

1960 and 15 November 1960 the  s i tuat ion was fairly simple and obvious; however, 

i n  the  case of the f l a r e s  of 22 August 1958, 28 Septexber 1953 ad cer ta in  

otl-iers Yne s i t u a t i o n  was complicatd by the f a c t  t ha t  they originated i n  the 

groups i n e l d i n g  many sntsll sApts. I n  sone 2:ases the magnetopans arid motion 

p ic ta re  f i h s  made by PS ea r l i e r  f z c i l i t a t e d  th i s  selection of spots ( see  ?ar t  

Two o r  three low in tens i ty  and small area spots wfiich a re  close t o  

3 )  

The most conspicuous i t e m  i n  FIg. 6 i s  the  extension of the configu- 

r a t ion  of t h e  repulsion of the  poles after the f la re .  

be yomine3nt i n  every case except on 1 April 1960 when the poles drew closer  

a f t e r  the flare. 

spots during the flares in this work and i n  [ 2 7 ]  is probably due t o  the fo7dow- 

i n g  circumstance. %re the displacment of the spots i s  considered i n  r e l a t ion  

This ef fec t  appears to 

The discrepancies i n  t h e  r e sd t s  on the displacement of  the 
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t o  tha  z3ro F i n t ,  t h a t  i s , i n  re la t ion t o  t h e  origin cf %?e f l a r e ,  whereas 

i n  [ 2 3 ]  the dis$acement of %he spots was considered in relation t o  t h e  f l a r e  

i n  3 & ~ 0 7 _ n p d  s t z t a  (r~hicfi possibly represents a surge of  matter from the  

zero point and may be located far away from i t ) .  

This situation i s  e x p l a i n d  i n  Table 5 which c i t e s  the re la t ive 

changes of t he  distance between t h e  poles s R / R  of a l l  

powerful c lass  I protor -Tares. 

2 E T S i ,  2:. zr 1'9s 7 

zb-N 

the above discussed 

Fig. 6 ,  The configuration of spots involved in class I f l a r e s  

Top: before the f la re ;  
Bottom: after the flare.  
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Fig. 6 .  Continued 



S ~ j i i  are iisteci in i;he first c o i m  for the oppasite Wfes 

i n  which R i s  the smallest; the secord c o l ~ n n  containe the same data,  but 2 

%e t h e  largest, and i n  the third column are the s R / R  changes of the similar 
'6 R iiR 

Rmin R,, 
poles, For the o p p s i t e  poles, i n  almost a l l  t he  cases (except four)-<o1- > 0, 

zrxi f o r  the similar poles - >os (except one case); the average values c i ted 
.- - 

' 6R 
R 

below c lear ly  indicate  t h a t  i n  the case of a three-pole configuration one of 

the t-m ( fa r thes t )  sinilar poles i s  pushed out ,  anci the pair  of the nearest 

op-wr i te  poles draws sonevhat closer together -- i f  a conparison i s  made of 

the configuration before and aftm the f l a r e .  This i s  schematically shown 

i n  Fig. 8: 

Stl, ard the pole S2 gets closer t o  Nl and Seeones point S 2 ' .  A careful 

comparison of the poles* in t ens i t i e s  before and a f t e r  the flare (Fig. 6) 

the pole SI a f t e r  the f l a r e  i s  pushed out i n t o  the position of 

shows t h a t  this process i s  due t o  the f a c t  that one of the two  similar poles 

with a decreasing in tens i ty  is pushed oat ( f l a r e s  2, 3 ,  4, 5, and 1 3  i n  Table 

51, o r  that the  in tens i ty  of its competitor i s  r i s ing  sharply. 

dxe t o  the gro-dng f i e l d  of the pole of  t he  opposite polarity El, which is 

close t o  the cozpetitor ( f l a r e s  6 and 9). 

d i f fe ren t  p l a r i t y  do not draw closer t o  each other a great deal, although 

there are some cases when the  polar i t ies  c o m  i n  contact with one pole 

"absorbing" the other, a s  i n  the f l a r e  of 27 Harch 1958 for  example. 

three cases ( f l a r e s  Nos. 1, 7, 13) the simultaneous divergence of a l l  the 

poles was accompanied by a diminishing intensi ty .  

only the ir , tensit ies of t h e  poles we xm.Cd g e t  an extremely motley a d  

unclear picture, but i n  combination with t h e i r  changing position the re- 

This is a l s o  

On the avsrage, "tfe p l e s  of 

In 

Thus i f  w e  considered 
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construction of t he  f i e l d  configuration becomes qxi te  clear. Tile g i s t  o f  

t h a t  reconstruction i s  tha t  one of the similar poles (o f  a three-_mle 

ca?? igErs t ion)  is FZShnC! 9ut OF t-?;.c, s2ek p l e s  2r'8 puzhed zpsrt (in t h e  Case 

of a four-pole configuration). 

Whether t h i s  reconstruction i s  brought about by the f l a r e  o r  vice 

versa, it is d i f f i c u l t  t o  say, and f o r  oar parposes it is not very essential .  

h t  t h e  fact  t ha t  it is the "weakest" (in point of intensity in3 remoteness) 

of  the two competing similar poles tha t  i s  pushed out or moves i n  one direct ion 

i s  a phenomenon tha t  can easi ly  b.j explained from the point of view of the 

elementary interact ion of magnetic masses, dipoles, t ha t  is t ha t  the poles 

behave quantitatSvely i n  the same way as would poles of sol id  isagnets. 

conclusion does not contradict the usual concspt of a field of single spots 

a s  a f i e l d  of a dipole or a solenoid top. The investigations made i n  [25], 

f o r  example, showed tha t  the l a w  of the dipole field "ps = const, &ere M is 

the magnetic moment of the spot (M = HS, H denotes in tens i ty  and S the "volume1' 

of t h e  spot) applies  t o  the majority of the single spots. The concept of a fan 

This 



20s 

Fig. 7. The configuration of spots involved in class  111 f l a r e s  

Top: before the flare; 
Bottom: a f t e r  the flare. 
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of l ines  of force s imilar  t o  <ne f ie id  of a solenoid top  was first  introduced 

i n  [26]  and then developed and substantiated i n  [Z?]. 

concept of the  field of a spot is on t h e  whole approfimate, and it does not 

take i n t o  account the  possible fine st ructure  of t he  f i e l d  o r  the  occasional 

appearance of two d i f f e ren t  po lar i t ies  o r  transverse f i e l d s  within a s ingle  

penumbra o r  even nucleus as  indicated in t he  investigations o r  [ Z s ]  and [ 29 ] ,  

f o r  example. But whatever t ha t  structure,  a t  a f a i r l y  large distance from 

t h e  s p t  nucleus i t s  field m y  i n  the f irst  approfination be considered as  

the  f i e l d  of a solenoid t o p  o r  dipole. 

configurations is bas& on such a concept. 

O f  course such a 

The en t i r e  firrtheranalysis of the  f ie ld  

Fig. 8. A charac te r i s t ic  change of the  
configurations produced by f l a r e s  

If we are  interested i n  the detai led s t ructure  of t he  field, f o r  

exaziple,if we want t o  know whether there  are zero p in t s  and lines of field 

and where they a r e  located, what i s  t he  gradient of t he  f i e l d  near the  zero 

point, t he  location of t he  regions of the  la rges t  and smallest transverse or  

longitudinal components of the  f ie ld ,  etc. ,  we can find the  reply t o  these 

questions only by solving the  problen of the in te rac t ion  of n dipoles with 

prescri’oei moments located a t  preset distancss.  Even i n  the very simple case 



of three poles with similar moments locat& a t  tine angles of an e q i d l a t e r d  

t r iangle ,  the problem involves considerable calculation d i f f i cu l t i e s .  

q.~.ssticn z .~t~. i r=Uy = r i s e s  &ether it i s  possible t o  node1 solar magnetic 

f ie lds .  

The 

I 

Fig. 9 .  Ins ta l la t ion  of modelling magnetic 
fields of spot groups 

It is obviously possible t o  think of laboratory modeuing  as a 

method designed t o  f a c i l i t a t e  calculations i f  we become convinced tha t  

si;nilarity r a t i o s  f ac i l i t a t i ng  a change fron: a laboratory t o  a solar  model 

when the scale changes 107 - 10 8 times can be applied to the f i e l d  charac- 

t e r i s t i c s  i n  which WB a r e  interested. 

f i e l d  -- i t s  existence, location and f i e l d  gradient i n  i t s  neighborhood -- 
as  such a % a s h  ckaracterist ic.  

f l a r e s  apparently originate i n  t h e  neutral  points when large f i e l d  gradients 

rde w i l l  select  a neutral  point of the 

'%e ~ e a s e ~ ?  fo r  t h i s  i s  not ~ n l y  t ha t  the 
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8z-e zvailable near them [21, 221 but also because i t  is easy t o  find a 

s imi l a r i t y  r a t ion  f o r  the  neutral  p i n t .  

ii “ilstalfatisn ( 3 g .  9 )  dasfg~sc!  tc s h i f t  a d  a r b i t r a r i l y  

introduce three solenoids along two coordinates w a s  developed f o r  t h e  purpose 

of modelling the f i e l d s  of so la r  groups i n  a laboratory. 

produce a f i e l d  from 0 t o  10’ gauss vi+& a current up t o  2.5 amps a d  220 

vo l t s  dc. The rsnovakle rods of  d i f fe ren t  thickness used i n  t h e m  m a d e  it 

possible t o  model various spot areas (dipole areas: the  urebra areas were 

considered). 

includ- length (of the magnet and solenoid) amounted on the  average t o  - -, 
ing the screen tnickness. This r a t io  was selected from considerations of 

s imi l a r i t y  (see below), i n  the belief t h a t  the  depth of the  power tuSe, t h e  

The solenoids can 
a 

The r a t i o  between t h e  pole diameter (average) and the dipole 

lo 

average s p t ,  i s  probably - 10 times greater ( -  10 r; km) than t h e  average 

s i z e  of t h e  spot ( l o 3  km) [30]. 
Xe will e&ne a three-pole configuration MSISZ f o r  the p-rpose 

of esta’slishing the s imi la r i ty  ra t io ,  and begin by changing o d y  the  intensity 

of the poles and leaving the  in tens i ty  re la t ions  and distances  between the 

poles unchanged ( the  i n i t i a l  configuration i s  shown i n  Fig. 10). 

easy t o  see (as we have done experimentally) t h a t  the  posit ion of the neut ra l  

point m does not change and the  in tens i ty  of the  f i e l d  a t  a prescribed dis tance 

from the neutral  point changes in proportion t o  the f i e l d  in t ens i ty  of t he  

poles. 

point t o  the dipole moment of any of  the pis5 does not & a g e  with the 

changing moments of the  poles i f  only the  re la t ion  between the moments remains 

It i s  then 

I n  other words, the re lat ion of the f i e l d  gradients near the neutral  
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unchanged. 

same re l a t ion  of the moments as on the sun. ide will now change the dis tance 

between the p’ies, przs~rv22,g t h e  s 4 A l a r i t y  2nd net  changing t h e i r  msments. 

It i s  thus easy t o  see t h a t  the position of the  neut ra l  points is  preserved 

just as i n  the initial configuration; its distance from the poles and t h e  

s t r a igh t  l i n e s  connecting them changes i n  a similar way. 

as t o  haw t h e  in t ens i tg  of the  pole a t  a present dis tance from t he  neutral  

paint  ( i n  units distance between t h e  poles) changes i n  t h i s  ease. 

‘That means t h a t  in the  modelling it i s  necessary t o  observe the 

The question arises 

The conficu- 
ra t ions  used 

in the  study of simi, 
l a r i t y  r a t i o s  H( S1)=l. 2 H( N) ; 
H ( s ~ )  = 1.5 X(N) 

Fig. 11. The changing in t ens i ty  near t h e  

changing scale  of the configuration and 
the  unchanged dipole moments 

zero point produced by th0 

Sol id  -- observation, dashed l i n e  -- 
( L/L* I- 
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Fig. 11 shows tha t  t h i s  intensi ty  f o r  the configuration we have 

selected d h i n i s h e s  soniewhzt slower than according t o  t h e  law (L0/L)3, where 

L/Lo i s  the -Enear scale of tire ~ o n f i g - i ? ~ ~ t l ~ i ~  (in =zits of  tho initfa1 Lo?. 

Further, it can eas i ly  be seen that ,  i n  accordance with the well known 

theore t ica l  conclusions, the intensi ty  i n  the  neighborhood of the zero paint 

under consideration saddlepoint surface) always changes ( regardless of the  

scale) i n  proportion t o  the distance of x from the zero point: the larger 

the scale of configuration the greater the l i nea r i ty  region. 

modelling which we have done on the sca les -  = 1.0; 1.25; 1.50; 1.75: and 

2.0 shows tha t  there i s  a region of fuaranteed l i nea r i ty  B near a zero point, 

say alao; it is determined approximately 3y condition a <- beginning with 

L, 25 cm, if the field in tens i ty  a t  the poles does not exceed 10 gauss.* 

Thus i n  this region near the zero point the f i e l d  gradient changes as H/a. 

?"ne irdex i n  the law of changing (L /Lln i n  t h i s  case depends t o  some extent 

on the  type of the  configuration, and i n  the cases under consideration we 

The laboratory 
L 
LO 

1 z '10 
3 

0 

obtained n i n  the range Setween 2,b  a d  2, which also depenis on which 

direct ion from m (a, b, c, d )  the f i e l d  is measured. 

For ptlrposes of simplification, we will assume t h a t  n 3, t h a t  is ,  

t h a t  the f i e l d  in tens i ty  near the neutral  point (in the region of f i e l d  

l i nea r i ty )  changes as (L,/L)3 w i t h  the changing scale of the configuration 

and the invariable magnitude of the dipole moment, However, i f  we change 

from the solar  t o  the laboratory model an4 vice versa we have no r igh t  t o  

* The measurements i n  Fig. 11 apply t o  point a/ao. 
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leave the  dipole monent invzriable  because i t  changes as the  polar volame, 

t ha t  is,as ( L )  3 . As the  f i e l d  intensi ty  near the  neutral  point changes in 

profxljetbii to 'ilia d f p ~ l ~  ~ E G S S ~ I ~ . ,  the f i a X  gradie,n;t, n e i r  thg  ~e11t~8.l p i n t .  

( 3 3 ( 3 3 L o - L  , i f  the re la t ion  between the  dipole 
L L  

should a-r as 

dimensions and the character is t ic  scale remains t he  same f o r  the laboratory 

m o d e l  and t he  Sun. 

s h p l e s t  example of interact ion between the two poles 

loca ted  along the N1 !j2 s t ra ight  l ine with the distance R between them, 

'se t h e  distance of the neiltral -mint from the  Fl pole. 

distance x from P I 1  v.511 be 

The va l id i ty  of this can eas i ly  be proved also by the  

and N2 of t h e  dipoles, 

Let  xo 

-3.. 

The f i e l d  in tens i ty  2 t  

where ml, % a re  the moments of poles N1 and Nz. 

viously have ( R  - xJ- ml= trr& 

Ir. the neutral  point we ob- 

* whence 

Ye wi l l  fur ther  introduce the  coordinate x* = x-xo which i s  the  distance from 

the  neutral  point: then (1) will be 

expanding t h i s  i n to  a series by xt/xo degrees and limiting ourselves t o  l i nea r  

terms, we will g e t  
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or  

Thus t h e  f i e l d  i n  the s m a l l  region of the zero point (L- < 1) i s  p r o p r t i o n a l  
XO 

t o  t he  distance from the  zero , p i n t .  Further, as ml& L 2 , and xo 4, where L 

i s  the  charac te r i s t ic  scale  of the configurations, then vH-- 1 

i n t e n s i t y  re la t ion  of poles is unchanged. 

applied to t h e  interaction between two d i p l e s ;  i n  this case 

- - .L - -  - - 
of a t r i p l e  y ~ L e  tr i th a zero y i n t  lying on a M l N z  s t r a igh t  line, the  reason- 

ing rill. bi3 q.xi.te similar in t h e  calculation of the  i n t e n s i t 7  along t h e  %N2 

a d s .  

i f  t he  
L ’  

A similar reasoning can e a s i l y  be 
rn H----’- 

L% , x’ 4 
, i f  h length of t h e  dipole i s  proportional t o  L. I n  the case L‘ L 

Thir i vpwtan t  character is t ic  of the f i e l d  gradient near the zero point 
1 

yH-- f a c i l i t a t e s  the successfd  modelling o f  the s i tua t ion  a t  the zero 

point, by knowing the absolute in tens i ty  of  the spots producing t h a t  s i tuat ion,  

and witnout resorting t o  the lengthy and cumbersome calculations.  

i t s e l f  an important argument i n  favor  of selecting a zero point as a character- 

i s t i c  place of a f i e l d  whose beha-dour ~3.13 i n  t b e  r e f l e c t  such characteristics 

of  the groz: de.?reloLnmer,t as t h e  m g n e t i c  x c e n t s  e? cwt_c, t h s i r  ~ t u a l  arrange- 

nent 2nd distznces rd.thin the  grc~?. 

%is is in 

A l l  these considerations enabled us t o  s e  the  zbove-described laboratory 
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Fig. 12. Exarnples of magnetic lims of fsrze involved 
in the m d e l E n g  of s p t  configurations before 
an? af te r  the  f l a r e  

( see also ?p, 47 and 48 of t h e  t e x t )  
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i n s t a l l a t i o n  t o  produce t h e  models of Xnss i ; f  force i n  a plane p-rpendi:uiar 

t o  t he  ray of  vision, t h a t  i s ,  a xodsl of a transverse magnetic field. 

of i'iieso for sereral  C Z S Q S  are ci tsd i~ Fig. 12. 

Secause bf the  f l a r e s  originate i n  the zero point, the  magnetic force directed 

along the l e v e l  surface t o  t he  zero point w i l l  be of mafor importance f o r  the  

p lasm compression. Actually, i n  the case of a temporary s ta t ionary s t a t e  -- 
&!en the spot f i e l d s  do not change and the  spots a re  immobile -- the  following 

cord i t ion  w i l l  be pmrluced along each level surface: 

denotes u g n e t i c  pressire, and Pm gas pressure. 

vhich the level surface passes P, z 0 ,  Lhen, zss;d.ng t h a t  P = sonst along t h e  

fevef surface, we must admit the presence of densi ty  co,rdensation a t  the zero 

point i n  conditions of equilibrium. 

zero point xi thout  penetrating f a r  i n t o  the condensation because of the long 

"skin" (surface)  time, it produces a force compressing the condensation near 

the zero F i n t  which m-y r e s z l t  i n  a f la re .  

Zmmples 

%-is i s  &pr t icufar ly  essent ia l .  

+ Pm = const, when Pm 

Since a t  t h e  zero p i n t  through 
e 

Now i f  the f i e l d  begins t o  expand near the 

aut t h i s  force i s  associated only 

x i t h  the ch2ngin5 transverse component of the f ie ld .  

9N s 
I 

; 
I 
I 

. '  I 
I 

X I 
I 
I 
I 
I 
I 
I 
I 
I 

E I 

-r"f 
no fie14 i the? (5 

I 

Fig. 13. The absolute f i e ld  i n t e n s i t i e s  of group 29 
(6 Sept. 1961, ?:SO - 8:15) 
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b-other sssent ia l  nodel l ing character is t ic  i s  that, it i s  scili e i ther  

impossible t o  obtain d i r ec t  observation data on the transverse f i e l d s  i n  t h e  

groups of spots (at a faL.rLy long d i s t a i cz  frcx thr sp ts  hf t ha  nsznetogrnph 

noise is ,,, 100 gauss, see [31$ o r  requires a very long processing time. But 

the  type of modelling t h a t  enables us t o  get an appro-te i dea l  of the 

transverse and longitudinal f i e l d s  on the basis of the absolute f i e l d  intensi-  

t i e s  i n  the s y t s ,  d e s  it possible t o  analyze an3 process a large volume of 

i ~ Z o m a t i o n  based on the obsen-ation of t h e  spot nagnetic f i e l d s  acc-nulatad 

during the IGY a t  various observatories. ‘.:‘e ~F.&ll exmine group 29 which was 

observed by our observatory on 6 Septmber 1961 as a concrete nodelling 

example; this i s  the only case so f a r  f o r  which complete maps of the transverse 

f i e l d  have been constructed i n  [29]. 

t h i s  case i s  of par t icular ly  importance and in te res t .  

tke f i e l d  of t h i s  group would have required a f a i r l y  complex i n s t a l l a t ion  

consisting of 7-8 nagnets which xe  did not have; we therefore had t o  limit 

ourselves t o  the xestern p a r t  of th5.s grcu?, leader it, i t s  satel’lits 3 ,  

in temedia te  srmt C and the westernnost pzr t  of the t a i l  spot D &ich is close 

t o  the  leader (see description of t h i s  group i n  [ 2 9 ] ) .  A sketch of t h i s  group 

A comparison with a laboratory model i n  

A complete modelling of 

with a polarold grid determined by the use of a Aplate and a l i n e  s h i f t e r  

determined by t h e  magnetic f i e l d s  i s  shown in Fig. 13, and Fig. 14 shows the 

diagram of the  selected configmatian ( corrected f o r  the  contraction of see 8 = 
1.15) with $he solar diameter equalling 250 cm. 

geoTetrical centers of the spot mbras f o r  which these 5e tsmina t ion .s  were 

made; indicated i n  parentheses i n  the sane place a re  the areas of the spot 

r 

Rsre the points denots the 
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n U d d  (in square millimeters of t h e  original sketch in the @de, 7. m = Z 9 , S ; j .  

The s m  t o t a l  of t h i s  w e  will replace wi th  foar interact ion centers A ,  E,  C, D 

centers of the  nuclei and their magnetic moments. 

we w i l l  assume to be equal t o  the t o t a l  areas  of the individual nuclei (in 

The areas of these centers 

patmtheses), and t h e  i n t e n s i t i e s  as the  average weights (weight is t h e  area 

of t he  nucleus). In the group of C nuclei  WB w i l l  disregard the pole 17 E, and 

i n  the 3 group the  pole 25 N, which may visibly d i s t o r t  our comparison. 

D,-ZSDw 

f i g .  14. %e f i e l d  configuration diagram of group 29 
( 6  September 1961) 

Table 6 

S S' 
- 
S 
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The f i n a l l y  adopted modeiiing diagram is shown i n  Table 6. Here s 

i s  t h e  area indicated i n  the sketch, S t  the  area sho-xn i n  the phDtoheliogram, 

S t h e  ffnally adopted average of  bath areas, S s e c e  is t he  area adjusted for 
- - 

the  projection, and d t h e  diameter of an equivalent spot. 

- 1  

d = V . s s e e .  

It has normally bsen convenient t o  model with the  Sun's diameter equalling 

253 cm; the s izes  of the spots ser?uced t o  t h a t  scale  a re  indicated by do ( i n  

the case of observations t'nrough a tower solar telescope, do = 3.57 d ) .  

have had a t  our disposal rods w i t h  diameters of d = 5 ,  10, 15, 20 mm. There- 

f o r e ,  if we use these pole s i zes  f o r  modelling purposes (see the  adopted dp i n  

c o l ~ ~  8, Table 6), then all the  magnetudes proportional t o  the  magnetic moment' 

of t he  spots ( f o r  example, the f i e ld  gradient a t  t h e  zero point)  should be cor- 

rected by multiplying them by r a t i o  (do,/clp) . 
( 0.71)' - 0.50. 

(Do = 250 cm), and we have t o  increase f t  (say, n times), it becomes obvious 

Xe 

P 

2 In our case, t h i s  r a t i o  equals 

'Iowever, i f  we a re  not  sa t i s f i ed  with the result ing scale 

t h a t  i n  order t o  preserve a constant relationship between the spot s izes  and 

t h e i r  mutual distance ( t h e  same as on the  Sun), we must multiply the  magnitudes 

which are proportional t o  the spot moments by n2, i f  t h e  modelling does not 

change the pole s i zes  ( o r  the l a t t e r  would have t o  be increased n times). 

After t h e  wode3lhg program has been set up, it i s  more convenient 

t o  model the  l i n e s  of force of t h e  transverse f i e l d  i n  the  "photosphere" plane 

i n  the form of a photograph of iron shavings spread evenly on a screen sup- 

ported by the ends of the  ps le s .  

September 1961) i s  shown i n  Fig.  15. 

A photograph of the group 29 model ( 6  

The dashed l i n e s  ind ica te  the  direct ions 
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i I 
I 
I 
1 

. - _._ 

Fig. 15. A cornprison of the model and the  actual  l i n e s  of 
force (dotted l i nes )  i n  group 29 ( 6  September 1961) 

of t h e  l i n e s  of force  ac tua l ly  measured i n  [29] .  Mgressirg from the  vortex 

f i e ld  s t ructure  of  spot A,  w e  see t ha t  the  ac taa l  zero point has been shift'ed 

t o  t h 3  r i g h t  toward spots A and B as compared t o  the model point, which may 

be due t o  the f a c t  t h a t  we have neglected the fairly inportant pole Zj N 

located between I3. and 3. But it should be borne i n  mind t h a t  t h e  def in i t ion  

of t he  t ransrerse  f i e l d s  i n  t h e  zero point region i s  not very cer tain (error :  

-1100 gauss), and the local izat ion of  t h a t  point i s  therefore inaccurate. The 

dsviation of t h e  model f r o m  t h e  actual picture above pole C is due t o  our 

neglect of polar i ty  17 N which prevents the  l i n e s  of force running from D t o  

A t o  jo in  above pole C (compare diagram on Fig. 14). Finally, some of the  

l i n e s  of force running f r o m  S t o  D do not join on 3 but 03 a st.r0n5eL* ?all: 

,-:Ai:;h fc l fowz h -ad . f a t e ly  a f t e r  9 and which has not been taken into account 

a t  a l l .  

, .  

It should also be borne i n  mind t h a t  t he  actl;af picture has n o t  been 
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adjiisted f o r  the projection effect. 2es7it.e a l l  these differences, cacnected 

with the imperfection of t h e  nadei, the  general nature of the f i e l d  can be 

m d a l ’ f d  csrrettlj- if xe d3 -n,ct z c ~ m t  the vortex s t ructure  near s p t  A which 

on general principles cantlot be modelled by the  dipole  f i e l d  without taking 

account of the  plasma surrounding the spot. 

Similar methods were used t o  model the fie$ds before and after the 

f lare I n  the  case of  a l l  the above discussed 47 flares for  which it was 

p s s i S l e  t o  find r e l i ab le  data 0x2 the .nagnetic f i e l d s  since the beginning of 

t h s  I G Y  (a description of the  information i s  found i n  Part 1 above). 

posit ions of the zerc: points, according t o  the  Eodel, are indicated on the  

ac tua l  f i e l d  configuration by a point in a c i r c l e ;  indicated t h e r e  also are  

the  d i rec t ions  perpendicular t o  the l i n e s  of force (hyperbolas] along which 

t h e  f i e l d  gradient of t he  zero point was measured (Figs. 6 and 7). 

son of the posit ion of the  zero points with t h a t  of  the f lares indicated by 

crosses i s  of no p r t i c u l a r  in te res t ,  a s  t he  d v e r s a l  data  on the  posit ion 

of the  f lares are quite i n d e f i n i t e :  i n  a nLtritiar of cases they r e f e r  t o  the 

beginning of the flare i n  which case a coqarisctn is impractical, a d  i n  a 

number of cases they r e fe r  t o  the  phase of the  following development of the 

f l a r e  which usually has no relat ion t o  the  zero point. 

the  flares i n  the  Dodson catalog and Q. B. cannot be used t o  determine t o  uhich 

phase of the  f lare developnent they belong; fron! Figs. 6 and 7 we can see, f o r  

example, t h a t  i n  individual cases coincidences a r e  t rue  although some of the  

deviations amount t a  2 - 3 teLiograptiic degrees (which, it is true, is 

comparable t o  the difference i n  the determination of the  f l a r e  coordinates 

The 

A compari- 

The coordinates of 
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tl t fYa re 
K? I?& 
- 

1 3.VII 1957 3d,19 3d,30-3d,49 

3 '0.X 19,73 20.69-20,75 
4 7.VII 1958 5,79 7,02- 7,18 
5 16. VI11 15,28 16,19-16,35 

2 28.VilI 28,30 28,34-28,58 

G 22.VlII 21,77 22,59-22,72 
7 1O.VII 1959 9,30 10,09-10,38 
s i4 .VII 13.16 14,14-14,47 
9 1G.VII 16,33 16,89-17,02 

10 1.IV 1960 1.35 i,36- 1,56 

12 15.XI 14,32 15,09-15,18 
11 E X 1  12.29 12,55-12,81 

13 28.IX l%l 28,25 28,93-29,M 

ta  VHI, VH2. l V H a *  ~ & ~ ~ t L r e  

3d,56 0,56 0,23 390 SO0 0,19 

21,33 0,'s 0,095 195 122 >0,06 
7,7> 0,96 0927 700 400 0,IG 

1G,40 1,8G 0,4R 137 140 0,16 
22,74 0,18 0,09 90 93 >0,13 
10-67 - - - - - 
15,15 -1.19 0,52 670 330 0,33 
17,65 0,18 0,078 100 78 0,121 
2.18 0,62 0.73 -110 -125 0,20 

15.25 2.48 0.60 1880 2000 0,09 

ysl $-uzsm/ I 3 ~ 5 5  epssJie7 day 
Krn 

28,81 0944 0.09 350 700 0,24 

13923 0940 0.15 250 266 0,26 

29,24 0,17 <lo-% 170 162 0.13 



%e nwvSer of the f l a r e  is indicated i n  Tables 7-10 (each i ~ i v i d s a i  

f lare has i t s  own number which i s  occasisnally divided i n t o  a and b f o r  d i f -  

farent c=r,c-';garatfcns); clsc the ' I z t ~  ef the f lare:  the t i m e  of t h e  f i e l d  

measurements before the  flare tl and after t2; the beginning and end of the  

flare ( i f lare)  and the  average f i e l d  gradient ( i n  gausslkm) near the zero 

point before the f l a r e  VI$, and after i t  AX2. These gradients enable us t o  

estimate f i e l d  in t ens i ty  a t  a e e r t a h p r e s e t  "standard" dis tance from the  zero 

point. 

change of the field at t h a t  standard distance from t h e  zero point, and 

VtTa/t2-tl gives us t h e  average speed of the change of the f i e l d  with time 

near the  zero point (in gauss per 2 4  hours). 

t he  duration of the  f l a r e  which also characterizes the power of the flare. 

Such a distance is taken t o  be a = lo3 km. V9, (gauss) denotes t h e  

Finally, the last, column indicates  

prte 
N n  

1 31.VIII 1957 
2a 3.IX 
26 3.IX 
3 10.IX 
4 11.IX 
5a 21.IX 
56 21.IX 
6 2O.VIII 1958 
7 26.VIII 
8 18.VIII 1959 
9 29 .5  1960 

30d,6% 3Id,54-3ld,62 3Id.7' 
2.69 3,59- 3,71 3,6' 

9-67 10,lO- 10,13 10,4( 

21.34: 21,56-21,63 21,7: 
21.34 21,Xi- 21,63 21,7: 

2,69 3.59- 3,71 3,6: 

10,56 1 1 , i O -  11,31 11.7: 

.19,73 20,d3- 20,M 20,z 
24.69 26,uO- 26,06 26,2.! 
18,181 18,43- 18,s 19,li 
29,231 29.28- 29,37 30,2t 

VHL, rg2 - 
O , . B  
0.58 
0.80 
0,76 
0,21 
1,20 
0.13 
0,50 
0,30 
0,16 
0 , O S  

Table E3 

0,45 
0,47 
0'19 
0,23 
0,16 
0,98 
0,11 
0,16 
0,15 
0,017 

-165 
110 
610 
530 
50 

220 
20 

2/10 
145 
140 
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26 
3 
4a 
46 
5a 
56 
6 
7 
8 
9 

16.X 
2.XII 
1.V 1958 
l.v 
5.V 
5.v 

19.vI 
I5.VII 
29.VII 
31.XII 

2d,2222d,41-22d,!i4 
15,46 16,08-16,09 
15-46 16.08-16,09 16,49 094'5 
2,23 2,4S- 2,50 2.70 0 , B  
1.30 3.88- 1.94 2,34 0,30 
1.30 1.88- 1,94 2,% 0 , lO  

4,74 5,15- 5 21 5,50 0,058 
4,74 5,15- 5,21 5,50 0,17 

18.71 19,40-19,50 19,71 0 , l l  
15,BO 15,94-15,97 16,BO 0,26 
28,21 29,04-29,17 29,23 O,12 
30,68 31,71-31,74 31,74 O,2O 

0,31 - 
- 

0,26 
0.18 
0,039 
0,032 
0,023 
0,08 
0.20 
0,064 
0,14 

/ 

/OS@/ I I 63 1 

3d,S6 4d,48-4d 50 4',56 
7,68 7,90-7,95 8,30 
9,32 9.33-9,37 9,67 
9,32 9,33--0,37 9,67 

29,TO 30,71--30,74 30,92 
18.70 19.33-19.43 29.68 
9,74 10,56-10,59 10,M 

Z,25 27-65-27,72 28,36 
5,50 6.15-6.17 6,28 

19,30 19.45-19,50 19,71 
31,60 1,13-1,18 1,32 
4,78 4,91--5,00 5,84 

11,51 11.86-11,88 12,16 
i4,32 14,47-14,50 14,73 
13 33 13,38-13,44 13,72 

I 

I 

0,027 0,Ulil 
0,040 0,036 
0,osl 0,051 
0,075 0,024 
0,049 0,043 
0.100 0,087 

0,017 <0,001 
0,058 0,007 
0,043 0,011 
0,068 - 
0,040 0,010 

0.020 / / f ib  

0,054 0,020 
0,077 0,087 
D.OG1 0,047 

- 
4 H a .  

-35 
4 

30 
51 

G 
23 
20 
16 

-11 
32 
68 
30 
34 

83 

V*, -* a 
-33 

65 
67 

110 
479 
23 
26 

- 14 

Table 10 

78 0.05 
94 0.05 
30 0.09 
52 0.02 

-10 -24 0,m 

14 1 36 I O , &  
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considerzbZy greater f i e l d  g - r d l e n t s  m a r  the zerd p i n t  than t f r$  us~tal.  flares 

of p i n t  3 ,  and e s p c i a l l y  point 24 a d  2. :za, can see that the flares produe- 

irg; e o s d c  rags f y ~ r t i c l i l a r ~ y  protons) at the surface of the earth are ac- 

cornpad& hy f l a l d  gradients near t'ne zero point which are almost t w i c e  as 

la rge  as in the case of flares en i t t i ng  milder cosxnic r a p  (protons) which 

penetrate mostly the plar cap region, and these flares occur in field gradients 

which ace more, than tkice as large as the gradients of the a s u d  p i n t  3 flares. 

As for the flares of p i n t s  2 anal 2* , %.he fief.2d graddients in wfiirllr they 

-~sczaUy 5ccar are on t he  average for ; r  t h e 5  lower than t h e  gradient rec;?&-ed 

f a r  the  usual flares of paint 3 which do not generate cctsmlc rq-8. 

naturally pranpts the asslllr;ption t h s t  the generatior? of cosnic  rays by the 

flares is closely associated k",tA the intemiitg of' the magnetfc f i d d  in the 

neighborhood of the flare. Furthermore, it is very characteristic that there 

i s  not a single point 3 f lare  i n  which the  field gradient near the zero p o h t  

~ e f o r e  the f h r e  was less than 0.10 gausslkn, as t h e r e  is not  B single pint 

2 flare whose gradient exceeds 0.1 gaussfkrc. 

fo .>t  that t h e  reczrrent f lars s  in %is groilps =rodxe "a cascade reduct ion"  

'This 

At ten t ion  is a l s o  called to t h e  
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of p 9, as it were, near the zero  point: i f  the first flare i'iowers" i;le - d . ~ ~ e  

of v3 t o  a de f in i t e  level ,  at which a p z e r f u l  f l a r e  is s t i l l  possible, t h a t  

ie1re-i w i l l  thefi s x g h t l j .  rise z d  I  ne^.^ dis~t- iarge of the  in tens i ty  will O C C U  

u n t i l  the gradient reaches a "safe" magnitude ( -  0.1 gaussjkm) o r  ur.til the  

group breaks up. 

flares occurred on 10 July, lk July and 16 July 1959. 

of I A p r i l  1960, 31 August 1957 and 3 Se$ember 1957) even revealed a slight 

inzroase in t'ne field gradient Fear t h e  zero p i n t  a f t e r  tne first powerful 

f l a r e ,  but they were a l so  fo l loxed  by a "discharge", a very sharp drop i n  t h e  

f i e l d  gradiext, after t h e  second flare i n  the  same group. 

An example of such behavior is t he  group i n  which proton 

Some cases ( t h e  f l a r e s  

In  the vast majority of cases the f i e l d  gradient near the zero point 

before the  flare was consideratlly larger  than the  gradient a f t e r  the f l a r e ,  

t h a t  is as if the  flares uere associated b . t k  the destruction of the f ie ld .  

This difference i s  the more prominent, the higher the power of the f la re .  

s k i l a r  r e s d t  is obtzinable a l s o  for t h s  average speed of t n s  changing f i e l d  

VH,/tZ-tl: the greater t h e  wwer of the f l a r e  the  higher the  absolute value 

of t h a t  magnitude. A sumozary of t h e  average values of VEL, VHz, VH,/tZ-tl  

f o r  various types of  f l a r e s  is cited i n  Table 11. 

ever, do not enable us  t o  deternlr&e xhen the field changes occur: 

A 

The data  l i s t e d  there, how- 

before, 

a f t e r  o r  during the flare. If such changes occur before t h e  f l a r e ,  the 

r"aSnitude of the field change should statistically be all the  greater t he  

longer the  time in t e rva l  between t h e  f i r s t  field measurement and t h e  beginning 

of t'ne f l a re .  T'e s m e  holds t r u e  a l s o  for the case kian these changes ocetv 
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Fig. 16. A comparison of the field gradients before and 
af te r  t h e  class I and fI flares 

a f t e r  the flare.  

values th - ta and t, - t have shown t h a t  t'nere is no connection between 

them -- the  p a i n t s  are scattered a t  rardom, (arid th and tk ars the morr;ents 

Atterapts t o  study t he  connection between AH, and t h e  

I 
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Field grad5entT”Slje’ed of Field change 
Flare No. of Before After changing Flare at zero point 

Cases ( gausslkm) field duration (gsuss/day) 
( gauss Mad 

of the beginning and end of th9 flare:. A t  the same t ime,  if tke f ie id  eiiange 

>Od,17 

12 0,18 0.13 83 >0,071 
>0939 

4 24 & 2, ordinary 15 0,054 0,038 40 0,048 

2 Y A A Y  
3 Point 3 w/o PCA 

o c a i r s  during the flzre, i t  does n o t  have t o  ~ h c w  any s t a t i s t i c a l  increase 

384 
2 5  

63 
25 

I 

of the f i e l d  W i l l  physicallx determine the power o f  t h e  f la re .  
I V H a  deperxiences AHa i a d  - 
1 fa - t l  

cepac3ty and duration of t h e  f l a r e  are d e t e d n e d  by the changing magnetic 

f ie ld:  

of the Ifare.  

The duration - 
shown in Fig. 18 indica te  t h a t  the 

t h e  greater the field change Vila, t h e  greater  the capacity and darat ion 

%at the flares a r e  connecied : d t k  t h e  zoi:version of tho magnetic 

energy of the cos5.c rays t o  thermal energy i s  also indicated by t h e  d i r ec t  

okservatfon data on the  f i d d  changes produced by t h e  fl2re.s d iscussed  a t  the 

kegiwAng of t h i s  -paragraph (Table 5 and Fig.  6). Ye see t h a t  t he  r e l a t ive  

change i n  the distance between similar poles produced by S R / R  flares is on 

t h e  average - t 6.32. Theinteraction energy of the poles cansidered as 

m r n  6 R  
&W=-3’2. R-d on t h e  order ? dipoles .. mlmz/RJ thereby changes by 

R3 i 

where h i s  t h e  length of the d ipole ,  B O  t h a t ,  assurcfng t h a t  h-R-lOlo , we 



k.iU. get 6tW-3 ~- - 1 ( ) 4 ~ 1 ( ) 1 ~ x ( j , 3  - - 10"' erg, which prac t ica l ly  coincides wi th  t he  

energy carr ied off by the cosmic rays d w i n g  t h e  f l a r e s .  

Lff f 

p' i 

R. r i g .  17. A conpa i so r .  of +,he field. gradient before 
and after the  c lass  I11 and I? f l a r e s  

L e t  us take a closer look a t  the f i e l d  configuration aacoRipin>lng 

proton flues (Fig. 6 )  a& m?inar>- point 2 flares k i t k o u t  geophysical effects  

as sho-,~, in F i g *  7 .  If t h e  first case reveals r e a l  a d  conspicuous changes, 

such as the expulsion of the pole or the  rearrangement of the poles, no such 

changes are  observable ir, t h e  second case, although the changes i n  the f i e l d  

in tens i ty  of t h e  individual poles are not apureclably d i f f e ren t  f r o n  the same 

ck?enges ccciirring i n  t h e  proton f la res .  This srzggests %hat the main Tezture  

o f  the generation of cosmic rays by t h e  flares i s  not so much t h e  f i e l d  
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i n t ens i ty  ir, t he  i r d i v i d u a l  s p t s  as ' h e i r  a r rangemnt  

their arrangement (",:?,is, incidentally, is q i d t e  n s t i l r a l  i f  the f lares  occur 

at the  zero point, as ilia ffz'd i n t a z s i t y  mar tho zcr~r): L y j n t  is proportfond. 

to the dipole moment of the s p t ~  i n  the first degree an2 tine distance to t h e  

ani: t h e  ch.a2ges ir, 

spo t s  i n  minus 

reccnstrvction 

t33:. 

third degree). Attention t o  

for t'ae generation of cosmic 

the hpcrrtance of such a 

rays was a l s o  calleri in [ 3 2 ]  and 

n. rzg. 1.9. Tim distacce between t h e  principal s p t s  of 
the bipolar group 13,234 (Xay 1957) 



CQSCfZding this part ,  we viX. c t d i  'r.rieZj7 c r  a . 51 rczt&r". :  

qu.-:tLon (xhich 55L be di5ciis:eci ir. d e t a i l  in ont: r?f t 5 e  fc l lcr-dng w r k s ) :  

to k h t  Gxtant ;iri "uhr z c ~ t i s ~ e d  field change's characteristic onfy of flares, 

that is, a re  they p s s i b l e  manifestations of the ustzal normal developtent of 

group f i e lds?  

If we consider the. grrjuTs that do z o t  or iLi i ia ta  ar-3 flares (or 

 rigi in ate p i n t  6 2 flarss),  $;e ?E;iil f2nd that vie>- incfucie the  siniplest  bi- 

pl,r groilps consls t inc of t w o  smts or two zG5grozps arranged at some distance 

frox one another (a distance exceeding the s i z e  of the s-.ikg;rcti-.p:;) k?lich changes 

v s r y  little if at all ( Eee, f o r  e:-an,?Ie, Fis. 19) i r c r e a s h g  s l i g h t l y  &-it:? t k e ,  

vl-ich is a %:ell knom effect. 

shows very Uttle change with time. 

aay flares even if the t ~ o  polarities N and S are  very close to each other .  

i s ) i f  they  co11.s in contact i n  t h e  nlicleus of t h e  s m e  exbra; sbch a cases &ich 

is r,ot :mcsmcc, FES first obser-i-el ty tie %-at :5.l_son C3servatDry f26]. The 

5tztener.t ccc -z r ing  in fo re ign  'Eterature tc t h e  effect  that "flares originate 

:l% %fie interface cf IjoLarit,gn is therefore FFo'r;al-,'ly dovoid of  a n y  meanlng; see 

[ r i l l ,  f o r  .;ican;ple, 

s lot  comes into being, t h a t  is 8 s  soon as a zero points originates. 

same token, flares never or iginate  i n  t h e  case of two poles of the sane polarity. 

From the point of via.: of d i p l e s  interact ion,  w c h  configuratiocs are  u s t a b l e  

:-rd stould repel  sack, other. Gnlg the ayparance  of the tk51$ pole of o p p s i t e  

The i n t e n s i t y  of :.tic: t m u p  components a lso  

The simplest bipolar group does not 2roduce 

That 

Eut a ffnre in a bipolar group o;fcl.i.rs as -'mi a5 a third 

By the  

palari tg m k e s  possible not only a Tire iir less  l engthy  existence of the 

conf igura t ien  a d  zero point b u t  elso the  expansion of the f i e l d s  nedr tive 



- 65- 

zero point by drswing the pl3s  closer or rearrmging them. 

mlar g r o q s ,  it is very d i f f i c u l t  t o  study them: 

At. u e  - 

the same spots from day t o  day, It is known, however, t h a t  the l a rges t  number 

of flares occurs when the  group increases, when the  number of spots, t h e i r  

area and. the  field increase. If t h e  reduction of V3 found above were not 

comezted wi th  the  flares but  exprssseri a n o m a l d e v e l o p e n t  of a large group, 

i t  ::o=lld havs Eeant t h a t  L i e  flares occur duririg t h e  a t tenuat ion of the group, 

wherezs actual ly  they originate primarily when the  f i e l d  is increasing i n  

magnitude and compledty. 

a result of a growing f i e l d  and tha t  is it followed by only a temporary reduction 

of the  f i e l d  i f  the group has not exhausted i t s e l f .  

ously c a l l  f o r  a special study. 

As for the  maltf- 

it is d i f f i c u l t  t o  define 

pet.iub when f I a , r e ~  do 11Vi occur, 3rd freq.ientiy irnpossibie Lo i den t i fy  

It is  therefore probably t h a t  the f la re  occurs as 

A l l  these questions obvi- 

That the magnetic f i e l d s  charge dur ing  the f l a r e s  car, >e judged fron 

These records make it  pos- the  f i - l d  records made by a nqnetograph [22, 231. 

sible ta compile charts  on which the closed contoxrs, the  isogausses, are 

plotted across the  same i n t ens i ty  values of the  magnetic fi3ld fexpresssd i n  

potsntiometer subdivisions [ 3 5 ] .  In t h e  period of observatians wi th  a magneto- 

graph ( s ince  '1957), the  Crimean Astrophysical Ojservatory has made many records 

of magnetic f i e l d s  i n  act ive regions. 

published as 8 ssries of magnetic f i d d  char ts  i n  [ZZ]. These contain, in 

Sone of t h a t  information h a s  already been 
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part icular ,  all the  entries on the magnetic f i e l d s  of the active group i n  

which the  famous point 3 proton f la re  occurred on 22 August 199, 

individual charts of various act ive  regions a r e  published in tllj. 

b e l o w  are series of ent r ies  on the magnetic field of the  act ive solar  regions 

discussed i n  paragraphs 1 ani 2 which produced powerful f l a r e s  a& were 

followed by increasing intensit ies of the cosmic rays, namely on 14 July 

1959 (Fig. 201, 15 July 1959 (Fig .  211, 16 July 1959 (Fig. 22). 17 July 

M y  

eiteci 

1959 (Fig. 23, 18 August 1959 (Fig. 24) ani, finally, 1 A p r i l  1960 (Fig. 25)*. 

On t h e  aentioned charts the  zero l ine  consists of a dotted Hne,  and the off= 

scale reading regions are crosshatched. 

of the  ac t ive  groups and the  flares originating i n  them a r e  assembled i n  

Table 12, 

The figures on the magnetic charts 

Indicated i n  the second colrram of Table I2 i s  the number of t h e  

group (Mount Wilson)**; i n  the third column are  the  days when the e n t r i e s  

were made: i n  the-h the universal t i m e  indicating the beginning of t he  

magnetic field recording; i n  the f i f t h  is the  wavelength of the l ine in 

which the  field entries uere made; in the s ix th  the cal ibrat ion i n  gausses; 

i n  the  seventh the universal tiere of the flare, and i n  the e ighth  the 

intensity point of the  f l a r e ,  

* A l l  these charts were investigated i n  [23] i n  the study of the displacement 
of the magnetic "knolls" associated With the  f la res .  

** The numeration of the groups according t o  Mount Wilson applies only t o  t h e  
I G Y  period: the others do not have any nunbers. 



. 

N 

E 

S a 
N 

I I I I t  

E 

S b f 
N I 

I I 1 I 1 C l  

S C S 4 

Fig. 20. Charts o f  the magnetic field of 
the active group of 14 July 199 

a-d:p (during the point 3 flare); 
b8:03 (during the point 9 flare); 
c-8:56 (during the point 3+ flare); 
d-13:55 (after the point 3+ flare). 

"he charts of a magnetic f ie ld of the same 
active group are shown i n  Figs. 20-23. 



v)’ 

i 

U 

rn 

I 



Table l.2 

I 1 1 I 
1 

2 
3 

4 

5 

6 
7 

8 

9 

10 

12434 

1346 
1346 

1346 

I :  
j 

3.VII-1957. 

O.VI1I 105f 
2.VIII 

3.VIII 

4.VII 1959 

5:VII 
6.VII 

7.VII 

8.VIII 195' 

1,12 50- 1 
* 1,6 54- 

3.8 03- 
2,s 56-- 
4 , 1 3  55- 
1,13 10- 
1,11 35- 

2,15 o@- 
1, G 'JO- 

1,7 45- 

2,13 43- 

1.IV 1960 1,1@ 15- 

2,11 20- 

3,14 03- 

4586,3 40,0 
4856,3 18,3 

4886,3 24,4 

B S G , 3  37,O 

4886,3 23,O 

4886,3 13,G 

4886,3 16,4 
4886,3 13,4 
4886,3 37,6 

4856,3 18,O 

jiS8G,3 1$,0 

1/1SS6,3 39.0 

/'18SG,3 23,4 

k.31 

35,O 

i 

- 
:: 17-14 0.5 

- 

8 17-17 I T A  

- 
%E-I1 21 

1 14-24 30 

0 19-12 50 

8 40-13 20 

* The same active region was recoded between 14 d 17 July 1959. 

I+ ,  1 1  Records mads 

!+ ' 1  Before the 

, during flare 

- 

l j  flare 1 ,  After *e 
3 ; I Beginning of 

1 flare 
I after flare 

3L wing fla re  

D i t t o  
ff 

i After the 
f lare  

Before flare 

A f t e r  flare 
I 

3 ! I  Before flare 

; l a t e r  flare 

I A t  end of flare I 
I After flare 
I 

3f' After maxi f lare  

AU. the figures in Table 12 may be divided into two groups. The 

first  group includes the recordings made during the  flare ( 3  July 1957. 14 
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July 1959 aad 1 April 1960). The secoKt group iacludes the  flares for which 

t he re  i s  at least one entry made before the beginning of the f l a r e  and a f t e r  

i t s  ead. 

August 1958 d 16 July 1959 were made on 23 August 1958 and 17 July 1959 

respectively. (See Table 12). 

t h e  two successive entries i s  22 hours, a d  i n  the second case 15 hours. 

both of these cases, however, t he  active regions were not very far from the  

central meridian ( see Table 1) ishere the  e f f e c t  of the changing projection 

on the changbg i n t ens i ty  of t h e  magnetic f i e l d  i s  probably not very substan- 

tial. 

t h e  magnetic field in these cases are due to the  flare processes. 

The entries on the  rugnetfc f i e l d  after the point 3+ flares of 22 

In the first case the  t i m e  in te rva l  between 

I n  

It may therefore be assumed t h a t  t he  changes in the  d is t r ibu t ion  of 

The information received on 18 August 1959 (see Fig. 24) is unique. 

The point 3 flare began a t  10:19 and ended a t  12:50. The first entry on the 

magnetic f i e l d  i n  t h i s  region was Bade 2.5 hours before t h e  beginning of the 

flare. 

( see  Table 12). 

field was about 6 hours. 

difference i n  the  d is t r ibu t ion  of the magnetic f i e l d  on both charts are due 

t o  the flare (see Ffg. 24). 

Keasurements were repeated made one hour after the end of t h e  flare 

The fnterval between these two measurements of the magnetic 

We are therefore ju s t i f i ed  in saying t ha t  the 

The changes of the magnetic field can be estimated by the  diminution 

The magnetic f i e l d  charts shown i n  Figs. 22-25 as or growth of i ts  gradients. 

well as those published in [22] aad [U] were used in order t o  find the i n t ens i ty  

gradients of the magnetic f i e l d  and t h e i r  changes associated wi th  the flares. 

Inasmuch a s  the  charts published in [22] and [ll] do not contain the designations 
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Fig. 23. Magnetic field chart  of the  ac t ive  
group of 17 July 1959 

a t  6:oO ( a f t e r  the  point 3+ f l a r e )  

we are using here, we w i l l  reproduce ope chart for 3 July 1957 (Fig. 26) 

and one f o r  22 August 1958 (Fig. 27)/ The most charac te r i s t ie  configuration 

of t he  magnetic field mknollsm which was ident i f ied  i n  a l l  t he  other  records 

of t h e  sam group was selected on t h e  basis of t hese  char t s  as w e l l  as those 

published i n  [22] and [ll]. The centers of the  magnetic f i e l d  mknollsR were 

connected with s t r a igh t  l ines .  Measured along these s t r a igh t  lines were the  

magnetic f i e l d  i n t e n s i t i e s  a t  d i f fe ren t  distanaes from the  center of one of 

t he  "knolls"; the  center of that "knoll" was indicated by t h e  first le t ter  in 

the  designations of the corresponding d i rec t ions  (A - B, C - B, e t c . ) .  The 

results of t h e  measurements are ci ted i n  Fig. 28 where the  in t ens i ty  of the 

longi tudinal  magnetic f i e l d  i s  measured off i n  gausses along the  Y - a x i s ,  end 

t he  distance i n  kilometers along the X-axis. Straight  lines were then drawn 

through the  resu l t ing  p i n t s ,  

t he  magnetic f i e l d  gradient. 

a large number of points, it may be assumed t h a t  t h e  gradient has been de- 

The i nc l ine  of these s t r a igh t  Unes represents 

Inasmuch as the  s t r a igh t  l ines  are drawn through 
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te- f a i r i y  re l iably.  

1.3 

The values of the gradients are listed fr; Table 

A look a t  the  data i n  Table 13 shows t h a t  in the  case of the first 

group, t he  gradients are decreasing i n  some direct ions and Jnareas4mg % others. 

And t h e  decrease of the  gradients i n  one d i rec t ion  is not subs tan t ia l ly  dif- 

f e ren t  from t h e i r  increase in another direct ion.  

t h a t  t he  first group of ent r ies  does not show any very tangible reduction of 

the  gradients. 

1957 both measurements were during the  flare, and t h e  result cannot therefore 

be compared t o  the one following fros the  examination of the  f i e l d  configuration 

in p 

re were used. 

prac t i ca l ly  agree w i t h  t he  data  of P a r t  2. 

As a result, it may be said 

Here it should be borne i n  mind t h a t  in the  event of 3 July 

r t ’ f v o  where the  data on t h e  absolute f i e l d  before and after the  flare 

As f o r  t he  event of 1 A p r i l  1960, t h e  results shown in Table 13 

As f o r  the  second and more numerous group of cases, it is possible 

t o  determine the  direct ion of t h e  gradient changes before and a f t e r  the  flare. 

Here we can see t h e  following f a i r l y  charac te r i s t ic  picture of changing 

gradients: before the  f l a r e  a d  toward i ts  beginning the  field gradient 

reveals  an appreciable increase i n  most direct ions (compare t h e  data for 

20 August 1958 and 22 August 1958 before the  point 24 flare mi after t h a t  

flare as w e l l  as the  da ta  for the beginning of the  point 3+ flare i n  t h e  

same day; a l so  t h e  gradients before the  point 3+ flare of 16 July 193). 

After the  flare, the gradients show an appreciable decrease i n  most d i rec t ions  

(compare gradient VH f o r  22 August 19% a t  l5:OO and 23 August 1958 a t  U:5O, 

f o r  16 July 1959 a t  l5:OO and 17 July 1959 at 6:00, as w e l l  a5 the event of 
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20.VIII 14h00 
1958 
22.VIIi 11 50 

14 20 

15 00 

23.VIII 12 50 

~ 

16.VII l lh3sm 
1959 

15 00 
17.VII 6 00 

113 45 

Remarks 

htr ing p i n t  3+ flare 

Ditto 

During point 2+ flare 

ptto 
Af er  point 3+ flare 

BefWe point 2+ flare 

A t  .beginning of point 3+ 

After point, 3+ flare 
flare 

Before point 34- flare 

Ditto 
After point 3+ flare 

Before p i c t  3 flare 

After point 3 flare 

* I, 11, 111 and IV indicate which part of the curve is used in Fig. 28 - 
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Fig. 26. Magnetic field chart  of active group 
12,434 of 3 July 1957 a t  10: 30 ( a t  the 
end of the point 3+ flare) 

ZW') , I I 

! 
1 I I I 1 I 1 1 1 

I I 1 I I I 1 I I I 1 

sa iaa Cio ma 250 3aa" 

Fig. 27. Magnetic field chart of active group 
13,464 of 22 A 
(before point r f l a r e )  

st 1958 at  ll:5O 
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C-U A-C 

I 

Fig. 28. Changing magnetic field i n  the most character is t ic  
direct ion i n  the act ive groups (see a l so  pp. 78 
and 3 of text)  

- a-3 July 1957: 
(during point 3+ flare); b-1 April 1960: points--lO:lj ( a f t e r  maximum 
of point 3 f l a r e s ) ,  crosses--ll:ZO ( a t  the  erd of point 3+ flare), 
triangles--14:05 ( a f t e r  point 3+ f l a r e ) ;  c-20 July 19%: squares- 
14:00, 22 A u g u s t  1958: circles--15:0C (at- Segfnning of point 3+ 
:lare), 23 August 1958: triangles--l2:50 ( a f t e r  point 3+ f l a r e ) ;  d-22 
August 1958: pin ts - - l l :50  (before point 2+ f l a r e ) ,  crosses--14:ZO 
( a f t e r  ,mint 24 f l a r e ) ,  circles--15:00 (a t  the  beginning of point 34 
f l a r e ) :  - 8-16 July 1959: points--ll:35 (before point 3 t  f l a r e ) ,  16 Ju ly  
1959: circles--15:00 (before point 3, f l a r e ) ,  17 July 19%: 6 : O O  ( a f t e r  
point 3 f l a r e ) ;  f=18 August 19%: points--7:45 (before point 3 f l a r e ) ,  
crosses--13:4j ( a f t e r  point 3 f l a r e )  . 

points--8:45 (during point 3+ f l a r e ) ,  crosses-- 10:3O 
- 

- 

- 
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Fig. 28. End 

18 August 19591, although in some direct ions there vas a s l i g h t  increase in 

b R which was considerably sailler than the increase in other directions. 

Qualitatively,  this result agrees with the one obtained in Part 2; but a 
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with the  gradient of the transverse fie'& near the zero point whereas i n  this 

case we are m e a s u r i n g  the gradient of the  longitudinal field i n  the direct ion 

of the s t ra ight  b e  connecting the individual poles. 

of the flares of 22 Angust 199,  for examfie, t h e  VH i n  both cases practfcally 

However, in the  case 

coincide (here t he  gradient is 0.10-0.20 gauss/h,  and there the  gradient was 

founl t o  be 0,18 gauss/kxi). 

the  s i ee  of that shown i n  Table 7; the gradients of the flare of 18 August 

1959, listed in Table 3.3, practically coincide with the  gradient shown i n  

Table 8. 

conclusion, the fact t h a t  t he  VH increases before the  flare is a matter of 

Here the VH of the  flare of 16 July 1959 is half  

Although the  available information is s t i l l  inadequate for a def in i te  

great in te res t .  A similar decrease of t he  gradients after the  f lare  w a s  found 

also in [36], although on the day a f t e r  the  flare the field was back t o  i t s  

i d t i a l  "preflare" state. 

In conclusion we express our grati tude t o  €4. V. Codormikov, A. N. 

&bin and T. f. ghromva for t h e i r  assistance i n  the  calculations,  aad t o  A. E. 

Balkov for the  preparation of the i l lus t ra t ions .  

Ij March 1962. 
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